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APPENDIX A. LSB SCIENCE EQUIPMENT LIST 
This sect ion contains the  summary descrtptions of the  individual  items 
of equipment required t o  conduct t he  experiments which have been defined, For 
each item of equipment the  following data i s  presented where applicable: 
1. Equipment Number - NR-assigned index number designed t o  
a s s i s t  fu tu re  users of these  data 
2. Equipment Name - br i e f  nomenclature f o r  the  item 
3.  Average Power (watts)  - during operating periods 
4. Weight (pounds ) 
5. Volume (cubic f e e t )  - as packaged f o r  shipment 
6, Data Rate ( b i t s  per  second) - peak during aperation 
7. Experiments Supported - one or  more a;pplications f o r  
the  equipment item 
8. Remarks - comments r e l a t i ve  t o  conswnables, number 
required, other in terfaces ,  etc.  
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L S B  Science Equipment L i s t  
I 
Remarks 
Gamma ray spectrometer 
Antenna (750 - f t  dipole) 
Downhole geophys. prob 
Gravimeter [LaCoste 
Rornberg) 
P holographic astronomi- 
cal transit 
Consumables: f i lm 
Photomicrographic 
camera 
Consumables: f i lm 
Neutron activ. anal, eq. 2 reqld; one for each 
experiment 
Seismic ampi i f ier 
Seismometer (4 Comp. 
Lamont) 2 req'd; one for each experiment 
Vector imped. meter 
X-ray telescope (grazing 
~ncidence) Consumables: f i lm 1.1 ib/day 
Two-element radio 
interferometer 
? 094 1 Two-element radlo 
~nheuferometer 
(1800 k H z  to 1 15 MHz) 
Optical telescope 
(50- inch) 
X-my d iffractoaetea 
f i lm 
1 4  
2000 




f i lm 3 Ib/day; f i lm 
proc. matr l  1.5 Ib/day 
1 item serves both exp 
1 item serves both 
experiments 1 
1 1 0 9 P  Cosmic ray spectrometer 1 telescope 
Optical telesco e 
(1 00- inchy 
Consumables: hot0 
f i lm 3 Ib/day; i l m  
proc. matrd, 1.5 I b/dz 
A lso  has paper str ip 
recorder output 
l i i .CS 1 J-band spectrophotom, 
1 
Electron microscope 
Antenna set (0.6 to 
1.2 MHz) 
Antenna set (5 to 
500 MHz) 
Sweep Fueq. radiometer 
IF? radiometer (portable) Self-contained power 
supply & data readout 




Heat f low probe See item 40009 for 
power and data output 
4 items req'd for 4053 
,1 item req'd for 4039 
* Items common to L S B  and OhS Jtk Not applicable * Launch configuration 
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L S B  Science Equipment L is t  (Continued) 
Consumables: papev 
buffer analyzer 1502 0 
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(12-in drameter) 
experiment equip. 
I * Ikvs common to LS B and QLS * Not applicable " Launch configuration 
-- 
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APPENDIX B . LUNAR SURFACE EXPERIMENT DEFINITIONS 
This sect ion consists  of individual  lunar surface experiment narra t ive  
descrkptions and timelines. Each experiment def in i t ion  consis ts  of the  
following elements: 
1. Discipline - the  broad category of a c t i v i t y  which t he  
experiment p r inc ipa l ly  supports 
2. Experiment Iden t i f i ca t ion  Nuder  - an NR-assigned index 
number designed t o  a s s i s t  fu tu re  users of these data 
3. Experiment T i t l e  - a concise descr ipt ion of the  experiment 
4. Applicable Subobjectives - a tabula t ion of t h e  d i sc ip l inary  
subobjectives primarily supported by the  experiment together 
with an assessment of the  contribution the  experiment makes 
t o  the  achievement of the  subobjectives 
5. Observation Requirements - a narra t ive  descr ipt ion of the  
experiment objectives,  operations and (where necessary) 
e quipment 
6. Equipment Required - a l i s t  of the  prime items of experi- 
ment hardware required t o  conduct the  experiment, together 
with a summary of ( in tegrated)  support requirements 
7. Master Timeline - a summary of experiment operations i n  
timeline format including t he  following data: 
a. Time-phased operations sequence - a bar chart  iden t i -  
fying each s ign i f ican t  experiment operation and show- 
ing t h e i r  durations and r e l a t i ve  phasing 
b. Frequency of operations - the  desired number (minimum 
and maximrr,) of repe t i t ions  of the  operations 
sequence.  h he number of repe t i t ions  shown under 
frequency of operations i s  over and above any 
r epe t i t i on  of operational phases shown on the  timeline. ) 
c. Constraints - s ign i f ican t  operational  l imi ta t ions  f o r  
each phase of experiment operation 
d. Equkpment number - the  NR-assigned index nwdber f o r  t he  
equipment used during each experiment phase 
e. Manpower requirements - the  nwdber of crew man-hours 
required t o  conduct one operations sequence (except as 
noted) 
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The following l ist ing provides an index to 
this Appendix. 
4 0 0 3  
BIOSCIENCE 4 8 0 6  
AEROSPACE MEDICINE 4 0 0 8  
AEROSPACE MEDICINE 4 0 0 9  
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ENG, , TECH., & OPNS. 
I 
ENG,, TECH,, & OPNS. 
GEOPHYSICS 
1 the experiment descriptions which are contained in 
TBTLE 
L i f e  Detection 
Terrestial Contamination 
Behavior and Rythms of Plants 
Flicker Vision 
Reduced Gravity and Behavior Effects 
Vision Effects 
X- Ray Astronomy 
Radio Astronomy - .3 to 1.0 MHz 
Radio Astronomy - 1.0 to 1 5  MHz 
Optical Astronomy - 50-  inch 
Radio Noise Survey 
Radio Propagation 
Impedance Measurements 
Lunar P lasma Effects 
Antenna Dust Accumulation 
Cislunar Wave Propagation 
Temporal Variations - .6 to 1.2 MHz 
Temporal Variations - 5 to 5 0 0  MHz 
infrared Astronomy 
Optical Astronomy - 1 0 0 -  inch 
Geologic Mapping and Stratigraphy 
Dril l ing and Subsurface Sampling 
Petrographic Analysis 
M ineralogic identification 
Transient Act iv i ty Investigation 
Geodetic Grid Construction 
Gravity Profiling 
Act ive Seismic Investigations 
Passive Seismic investigations 
Deep Dril l ing and Sampling 
Solar Wind and Energetic Particles 
Magnetic and Electrical Field Variations 
Total Pressure and Composition 
Escape and Transport Rates 
Natural Radiation Spectrum 
Magnetic Profi l ing 
Hole Bore Logging 
M ineralogic Analysis 
Chemical Analysis in Lab 
Biologic Monitor and Eco-System 
Effects on Plants 
Thin Film Bearings 
Mining and Transport 
Electromagnetic Propagation 
Transmission Line Interactions 
Heat Transfer in Liquids 
F i lm and Drop Heat Transfer 
Metals Joining 
D ifferential Thermal Analysis 
Self-welding Chavac teristics 
Lunar Dry Cement and Concrete 
Near Surface Temperature Gradient 
DISCIPLINE : Bios cience 
EXPERIMENT I D  NO. : 4001 
EXPERIMENT TITLE: Life  Detection - Viable L i fe  Forms and Dormant Spores 
APPLICABLE SUB-OBJECTIVES: 
B I - 1  Determine the  existence of v iable  l i f e  forms or dormant spores, 
Analysis of samples from f u l l  range of depths, protected areas,  
volcanic s i t e s ,  and any other representa t ive  sample s i t e .  This 
experiment w i l l  provide a major por t ion of the  information required t o  
character ize  l i f e  forms on the  moon. 
OBSERVATION REQUIREWTS: 
Character is t ics  t o  be i den t i f i ed  include chemicals (amino acids ,  
peptides,  nucleosides, prote ins ,  l i p i d s ,  carbohydrates) and processes include 
t u rb id i t y ,  ph, metabolism, phosphatases. Functions can be performed on s i t e  
( a t  t he  locat ion of the  sample taking) or a t  t he  Base depending upon the  
number of samples t o  be taken from a given s i t e .  Ac t i v i t i e s  a t  the  Base are  
of the  more ana ly t i ca l  var ie ty .  The sample ( a t  t he  s i t e )  i s  t o  be separated 
i n t o  f i v e  p a r t s  (one f o r  each instrument) thus allowing p a r a l l e l  examination 
a t  both the  s i t e  and the  Base. I f  a pos i t ive  indicat ion i s  observed on any 
one sample port ion,  t h a t  examination i s  required t o  be repeated a t  l e a s t  
th ree  more times t o  e s t ab l i sh  confidence i n  t h a t  observation. 
I den t i f i c a t i on  of a l i f e  form through the  above observation then 
es tabl ishes  a candidate f o r  incubation t o  determine i f  t h a t  form i s  doman*, 
EQUIPMENT REQUIRFD : 
Equipment No. Equipment Name 
Mass Spectrometer ( l ab)  
Gas Chromatography ( s i t e )  
B-3 
14017 Multivator ( s i t e )  
11103 J-Band Detector (W ~pectrophotometer)  ( l ab )  
la104 Electron Microscope ( d n i a t u r i z e d )  ( l ab )  
I1083 P h o t d c r o g r a p h i c  Camera ( l ab)  
9015 Incubator - with ea r t h  atmosphere ( l ab)  
90014 F i e l d  Bioscience K i t  ( s i t e )  
Avg. Pwr. (watts)  - 3.0 - 500 
Weight ( l b s )  - 392 
Volume (cu f t )  - 81.0 
Data Rate (BPS) - 280 
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DISCIPLINE : Bios cience 
EXPERIMENT I D  NO. : 4003 
EXPERIMENT TITLE : Terres-i;riaL Contamination 
APPLICABLE SUB-OBJECTIVES: 
BI-2 Evaluate the  lunar environment f o r  su rv iva l  of t e r r e s t r i a l  
micro-organisms and t he  amount of f orward--back contamination. 
The present  experiment w i l l  provide a major contribution t o  
t h i s  sub-objective. 
OBSERVATION REQUIREMENTS: 
Primary t a rge t  i s  organic carbon of t e r r e s t r i a l  l i v i n g  th ings .  Frequently 
t r ave led  or exhausting areas w i l l  be sampled t o  check f o r  the  number of 
t e r r e s t r i a l  organisms. To-be-traveled areas w i l l  be examined t o  ve r i f y  the  
absence of hydrocarbons. Samples w i l l  'be analyzed i n  s i t u  by the  organic 
carbon analyzer or  a mass spectrometer; a separate por t ion of a posi t ive-  
indicat ing sample w i l l  be packaged f o r  de ta i l ed  character iza t ion i n  the  Base 
by use of an e lect ron microscope. The i n  s i t u  spectrography w i l l  be performed 




Mass Spectrograph ( ~ a b )  
Organic Carbon Analyzer 
Electron Microscope 
Avg. Pwr. (watts)  - 3 - 15 
Weight (lb) - 155 
Volume (cu ft) - 3.25 
Data Rate (BP$) - N/A 

DISCIPLINE: Biosef ence 
mPERmNT ID NO, : 4086 
aPmWNT TITLE: : k h a v i o r  and R h y t h s  of Plants  
SUB-OWTECTrnS: 
931-3 D e t e d n e  t h e  e f f e c t  of lunar environment of the  behavior 
of p lan t s  and a n h a l s ,  
This eqer iment  provides a  m j o r  contribution t o  the  sub- 
objective.  A derived objective i s  the  development of p lan t s  which 
w i l l  grow i n  the  lunar dadn igh t  cycle. The animal por t ion  is  performed 
i n  conjunction with Eqerirnent 4064. Genetic e f f ec t s  w i l l  a l s o  be 
obervable through t h e  mechanics of t h i s  experiment. 
OXERVATION REQUImmmS: 
The seed p l a n t i w  w i l l  be scheduled t o  have the  p lan t s  a t  various stages 
i~ the  lunar day/night Lo s e l ec t  the  most l i k e l y  candidate f o r  development. 
A r t i f i c i a l  l i g h t  w i l l  be required. Observations of growth, development, and 
reproduction t o  be recorded photographically. Sections of p lant  leaves w i l l  
be analyzed f o r  s t ruc tu re  changes by use of an e lec t ron  microscope. It i s  
aq t ic ipa ted  t h a t  the  observations would be more frequent during the  lunar 
night than during t he  clay t o  determine the  timing f o r  l i g h t  ac t ivat ion.  
Control samples on ea r t h  w i l l  provide r e l a t i v e  data f o r  t he  p lan t  material .  
The evaluations w i l l  a l s o  include genetic e f f ec t s  on the  p lan t s ;  i . e . ,  
cytological  changes, 
Tim Lapse Camera 
Mcroscope 
Avg. Pwr. (wat ts )  - 10.0 
Weight ( l b s )  - 6.4 
Volume (cu f t )  - 0.70 





DISCIPLINE : Aerospace Medicine 
~ P E R I ~ M T  ID NO. : 4008 
EXPEP71MENT TITLE : F l i c k e r  Vision 
1~PPLICABLE SUB-OBJECTJXES : 
AJ!4-1 Determine t h e  e f f e c t  of t h e  reduced magnetism (of  t h e  moon) 
on t h e  body rhythms. 
An examination of t h e  F l i e k e r  Vision E f f e c t  i n  t h i s  experiment 
w i l l  c o n s t i t u t e  a minor con t r ibu t ion  toward meeting t h e  sub-objective. 
CBSEPIVIITION REQUIREMENTS : 
The observat ion requirement i s  t h e  onset of f l i c k e r  f u s i o n  response of 
15aeh crew member of t h e  Base t o  a known f l a s h i n g  l i g h t  source. The th resho ld  
i s  i d e n t i f i e d  by an increase  i n  t h e  pulse  and hear tbea t  of t h e  ind iv idua l  and 
i s  recorded i n  i n t e n s i t y  and frequency of t h e  l i g h t .  
The experiment requi res  t h e  establishment of t h e  th resho ld  f o r  each 
Indiv idual ,  of t h e  f l i c k e r  v i s i o n  fus ion  before t h e  Base t o u r  and a f t e r  t h e  
Base cour, The measurements should be  dupl ica ted  f o r  an ind iv idua l  a t  t h e  
beginning and end of t h e  same day t o  i d e n t i f y  f a t i g u e  e f f e c t s .  The experi-  
ment should be continued upon t h e  r e t u r n  of t h e  ind iv idua l  t o  e a r t h  t o  
deterrmne t h e  long term e f f e c t s  of t h e  changes. 
The t e s t  i t s e l f  r equ i re s  t h e  observat ion of t h e  normal response t o  
cne disturbance and r e t u r n  t o  t h e  normal. Corre la te  wi th  Experiment 4051. 
EQUIPMENT REQUIRED: 
90007 Flashing Light (va r i ab le  frequency and i n t e n s i t y )  
90002 IMBLMS (biomedical measurement console) 

DISCIPLINE : Aerospace Medicine 
mmRmNT I D  NO, : 4009 
TITLE : Reduced Gravity and Behavior EPf ec t s  
APPLIC SUB-OWECTIVE : 
AM-2 Determine t he  e f f ec t  of reduced grav i ty  on man. 
The experiment w i l l  be a minor contribution t o  meeting t h i s  
sub-objective, since a more in tensive  program w i l l  be ca r r ied  out on 
ea r th  o rb i te r s .  
AEI-3 Determine t he  e f f ec t  of t he  combined i so l a t i on  and modified 
g r av i t y  on man's psychological health. 
The present eqer iment  const i tu tes  a minor contribution toward 
t h i s  sub-objective d.ue t o  more extensive information being obtained 
previously elsewhere; i. e. , on ear th  orbi ters .  
This eqer iment  i s  a pa r t  of t he  continuing medical/behavioral program 
of men i n  the  space.environment. A l l  of t he  crew members w i l l  pa r t i c ipa te  
as t e s t  subjects.  Observations w i l l  be i n  cardiovascular, puhonary,  
endoerionology, hematogical, neurophysiologic, nu t r i t ion ,  microbiological, 
and. behavioral.  
Observations a re  scheduled upon a r r i v a l  of t he  crew member on s i t e ,  a t  
-thee-week in te rva l s  during the  stafiime, and p r i o r  t o  departure. The 
b e h ~ v i o r a l  a c t i v i t i e s  w i l l  be performed on a weekly bas i s  t o  i den t i fy  any 
changes i n  response of the  crew t o  t he  planetary type environment. 
EQG IPMENT REQUIRED : 
Equipment Name 















































































































































































































































































































DISCIPLINE: Aerospace Medicine 
EXPSERIMENT I D  NO. : 4011 
EXPERIMENT TITLE: V i s i o n E f f e c t s  
APPLICABLE SUB-OBJECTIVES: 
AM-4 Verify t h e  e f f e c t  of t h e  l ack  of atmosphere on human vis ion.  
This experiment w i l l  complete t h e  v i s ion  v e r i f i c a t i o n  program 
and be a minor contr ibut ion toward f u l f i l l i n g  t h i s  sub-objective. 
OBSERVATION REQUIREMENTS: 
This experiment i s  intended t o  inves t iga te  t h e  influence of s i z e ,  shape 
ar,d pa t t e rns  on dbjects  i n  t h e  lunar  environment, both d i r e c t  sunl ight  and 
shade. The appearance of t y p i c a l  hand-held operated t o o l s  and t h e  v a r i a t i o n  
of t h a t  appearance with the  lunar  day require  inves t igat ion.  The inves t iga t ion  
w i l l  involve t h e  evaluation of t o o l  handling f o r  each operation under l i g h t  
and shade conditions, and supplementary l igh t ing .  The evaluation of dark 
adaptat ion by various f i l t e r s  w i l l  be performed. These v i s ion  e f f e c t s  w i l l  
be evaluated i n  conjunction with t h e  operations outside t h e  Base. 
EQUIPMENT REQUIRED : 
No equipment pecu l i a r  t o  t h i s  experiment i s  required. 

DISCIPLm : Astronomy 
I D  NO: 4012 
TITLE: In tens i ty  Distribution f o r  X-Rqy Sources 
AY-1 Invest igate  c e l e s t i a l  regions i n  X-ray domain. This 
experiment i s  a major contributor t o  these subobjectives. 
AY-3 Perform radio observations of galact ic  and extragalact ic  
sources. 
OSEWVATION REQUIREMENTS: 
The nature of t h i s  experiment i s  t o  obtain an X-ray map of the  sky. 
The s i t e  should 'be located near the lunar equator and possibly inside a f a i r l y  
large c ra te r ,  6 1 0 0  km i n  diameter, i n  order t o  obtain an occulting edge f o r  
the determination of posi t ion and angular s ize  of weak discrete  sources. The 
messurements include the in tens i ty  d i s t r ibu t ion  f o r  X-ray sources i n  the energy 
region from 1 t o  10 Kev, as a function of angle (watts/steradian). A gas-f i l led 
proportional counter with an approximate area of 100 cm2 aperture w i l l  f i l l  
t h e  i n i t i a l  requirements. In  order t o  perform the occultation experiment t o  
a higher degree of accuracy, an X-ray telescope w i l l  be used t o  yie ld  posi t ion 
accuracies of 1.0 t o  0.5 arc  second. The diameter of the telescope w i l l  'be on 
tihe order of one meter. 
EgJCTIPrnNT REQUIRED : 
Equipment Name 
11097 X-ray Telescope (wide angle) 
11092 X-ray Telescope (grazing incidence) 
Avg. Pwr. (watts) - 20-150 (RTG) 
Weight ( l b )  - 4019 
Volume (cu f t )  - 3636 
Data Rate (BPS) - 1 x 105 ( f i lm - 1.1 lblday) 


DISCIPLINE : Astronomy 
EXPERIMENT I D  NO.:  4014 
EXPERIMENT TITLE: Observations of f l u x  d e n s i t i e s  from g a l a c t i c  and e x t r a  
g a l a c t i c  sources i n  t h e  frequency region of 300 kHz t o  
1000 kHz 
APPLICABLE SUB-OBJECTIVES: 
AY-3 Perform r a d i o  and o p t i c a l  observations of g a l a c t i c  and 
e x t r a  g a l a c t i c  sources. This experiment i s  a  major 
cont r ibutor  t o  t h i s  subobject ive.  
OBSERVATION REQUIREMENTS : 
A two-element in ter ferometer  w i l l  be used t o  resolve  r a d i o  sources i n  
t h e  frequency region from 300 t o  1000 kHz. The resolv ing  power i s  d i r e c t l y  
propor t ional  t o  t h e  separa t ion  of t h e  two main elements. Each element will 
cons i s t  of an a r r a y  of end-loaded, fo lded  dipoles.  Each a r r a y  cons i s t s  of 16 
multiwire loaded, fo lded  dipole elements, spaced a  ha l f  -wavelength apa r t  and. 
wi th  each element hor izonta l  and a t  r i g h t  angles t o  t h e  l i n e  of t h e  a r ray ,  
The ar rays  w i l l  be spaced 9 kilometers a p a r t ,  center- to-center ,  t o  y i e l d  t h e  
main lobe ' s  half-power beamwidth of 1.7 degrees a t  1 mHz. The loca t ion  w i l l  
be on t h e  lunar  equator wi th  t h e  base l ine  on t h e  east-west l i n e .  I n  order  t o  
overcome transmission los ses ,  so l id - s t a t e  amplifying elements, l i k e  tunnel  
diodes o r  t r a n s i s t o r s  w i l l  be used a t  appropr ia te  po in t s  i n  t h e  antenna or  
p a r t  of t h e  t ransmission l i n k .  Non-resonant corporate f e e d  transmission l i n e  
system w i l l  be used f o r  t h i s  broadba.nd operat ion.  Each element w i l l  cons i s t  
of a  multiwire fo lded d ipole ,  support s t r u c t u r e  (wi th  ground screen)  and 
b a t t e r y  and con t ro l  c i r c u i t s .  
EXPERIMENT I D  NO. : 4014 
EQUIPWT REQUIRED : 
Equipment Name 
Two element radio  interferometer 
(300 kHz t o  1000 kHz) 
Avg. Pwr. (wat ts )  - 25 
Weight ( l b s )  - 11,583 
Volume ( cu f t  ) - 1884 5 Data Rate (BPS) - 300 with 10 peaks 
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i31SCIPLmE : Astronomy 
EXi?lEWImNT I D  NO. : 4015 
MPERIMENT TITLE: Observations of f lux  dens i t i es  from ga lac t ic  and extra- 
ga l ac t i c  sources i n  the  frequency of 1 mHz t o  15 mHz 
AY-3 Perform radio  and op t ica l  observations of ga lac t ic  and extra-  
ga lac t ic  sources. This experiment i s  a major contributor t o  
t h e  subobjective. 
0BmVATION REQUIREMENTS : 
A s imilar  setup t o  Experiment No. 4014 'but i n  the  d i f fe ren t  frequency 
i n t e r v a l  of 1 mHz t o  15  mHz. The dimensions can be scaled by approximately 
a f a c t o r  of 0.1. - 
EQUIGmNT REQUIRED : 
Equipment Name 
11094 Two element radio  interferometer (1 mHz - 15 m ~ z )  
Avg. Ptsr. (watts)  - 25 
Weight ( l b )  - 350 
Volume (cu ft ) - 18 
Data Rate (BPS) - 300 with 105 peaks 

DISCIPLINE : Astronomy 
~ P E R Z ~ N T  ID NO.: 4016 
mPERmNT TITLE: Optical  Astronomy 
APPLICrnU SUB-OBTECTIVES: 
AY-3 Perform r a d i o  and o p t i c a l  observations of g a l a c t i c  and e x t r a  
g a l a c t i c  sources. This experiment makes a small  contr ibut ion 
t o  t h i s  sdb-objective i n  terms of t h e  overa l l  object ives of 
o p t i c a l  astronomy. 
OBSmYATION REQUIREMENTS : 
Determine sky brightness of t h e  f u l l  sky. Optical  telescopes approaching 
50- ia~hes  i n  diameter w i l l  be housed i n  an appropriate shie lded observatory 
dictated by t h e  r e s u l t s  of t h e  exposure e f f e c t  experiment. The accessories 
would include a photometer, camera and f i lm.  The loca t ion  should be near t h e  
I.unar equator i n  order t o  achieve near f u l l  coverage of t h e  sky and 15 e a r t h  
days of darkness. Location a t  the  pole  i n  a region of permanent shade w i l l  
afford t h e  longest  per iod of darkness. 
EQUIPmNT REQUIRED : 
Equipment Name 
11095 Optical  Telescope (50-in. ) 
Avg. Pwr. (wat ts )  - 250 (RTG) 
Weight ( l b s )  - 11,055 
Volune (cu f t  ) - 3670 
Data Rate (BPS) - Film (3 lb/day) (Processing - 1.5 lb/day) 

DISCIPLINE: Astronomy 
mERI1VIENT I D  NO. : 4017 
E@CERIMENT TITLE:: Optical Effects  from Environment 
AY-3 Perform radio  and op t ica l  observations of ga l ac t i c  and extra-  
ga lac t ic  sources. This experiment makes a moderate contribution 
t o  t h i s  subobjective, 
A va r ie ty  of op t ica l  surfaces such as concave mirrors, convexmirrors and 
f l a t  surfaces of diameters on t h e  order of 0.3 meters w i l l  be emplaced on 
the surface of t he  moon f o r  environmental e f fec t s  (exposure). The ac tua l  
ernplacements of these surfaces would include locations near the  l ab  and a l s o  
- 
a fex kilometers away. The measurements t o  be conducted on these surfaces 
would include dust accumulation, micrometeoroid bombardment, fogging of the  
surfaces,  and warping of the  surfaces due t o  g rav i ta t iona l  and thermal e f f ec t s .  
The supporting instruments would be microscopes t o  view the  surface i r reg-  
u l a r i t i e s  and telescope mounts or stands t o  view l i g h t  through or re f lec ted  
from the  surface. Also, thermistors should monitor the  thermal environment 
of the  surf  aces. 
The s t a y  times should approach several  months t o  a year. 
EQUWmm REQUIRED : 
Convex Mirror (12" dia.  ) 
P l a t  Surf ace Kirror (12" dia. ) 
Concave Mirror (12" dia.  ) 
Avg, Pwr. (watts)  - N/A 
Weight ( l b )  - 15 
Volume (cu ft) - 1 - 5  




EXPmIlvhEkW TD NO. : 4621 
EXPERImMT TITLE: Noise Survey 
~ y - 4  Deter~~ne surface and subsmface e l e c t r i c a l  propert ies.  This e.meriment 
makes a  odera rate cwk-tribution t o  t h i s  sub-objective. 
Measu.reanent of laa-burally occurring electromagnetic s ignals  i n  the  frequency 
range 10 Hz t o  300 W z  i n  t he  region of t he  lunar  surface w i l l  be made by an 
antenna sys-trem coupbed to a s e t  of broad and narrow'k3and receivers.  The alrieernna 
system w i l l  consis t  o f  a l5.-mter crossed v e r t i c a l  loop system, a 15-meter 
v e r t i c a l  whip, and a 2 hm karizaaital wire, each of which operates over 
individual  receiver  cbannehs, Stepping receivers (s imilar  t o  those employed 
aboard the  POGO s a t e l k i t e )  w i l l  be employed t o  masure  amplitudes of signals 
-that are in an 81'1-cXo range above t he  threshold s ens i t i v i t y .  The measuremenb;~ 
performed by these  receivers are:  (1) a recurrent  amplitude spectnun analysis  
of s ignals  i n  f i v e  bands - 10 "I; 80 Hz, 80 t o  600 Hz, 0.6 t o  4.7 kHz, 4.7 t o  
37.5 kHz, arid 37- 5 tc 300 IrYZz; ( 2 )  w a i t l a d e  of s ignals  a t  any desired s ingle  
frequency; ( 2 )  ~ ~ e l a t i v e  arryqlitude of s ignals  sensed by each loop with respeel; 
to t h e  wiaip; and (4) r e l a t i ve  phase of signahs sensed by each loop with respect  
t o  -the whip. Tixis infor~na-tion i s  used "i &determine noise wave impedance, 
polar izat ion and erec5ion of a r r i v a l  of s igna l s ,  The broadband receiver i s  
used t o  invest igate  s ignals  i n  the  range of 50 Nz t o  200 kHz. Phase and 
a q l i t w d e  are measured in t he  two bands, 50 Hz t o  2 kHz and 5 t o  200 kFfz, The 
crossed loop ab:1tex?n& i s  15 meters square, The whip i s  15 meters long. 
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The 2 Irm horizontal  antenna w i l l  sample t h e  hor izontal  
e l e c t r i c  f i e l d  component of t he  noise. I n  ca l ib ra t ing  the  loops and whips, 
a precal ibra ted simple t ransmi t te r  of low power feeding a shor t  v e r t i c a l  whip 
s i t u a t e d  about a kilometer away should be used. The experiment should be 
performed during spec ia l  events ( lunar day and night,  passage through t he  
tail sf the  ea r th ' s  magnetosphere, during s o l a r  f l a r e s  and quie t  so l a r  
~ a c t i v i t y ) .  Another type of measurement would be t o  apply a dc po ten t ia l  (both 
pos i t ive  and negative) var ied from 0 t o  150 vo l t s  between the  loops and 
ground, t he  object being t o  note t h e  e f fec t s  of the  applied po ten t ia l  
against  charged dust pa r t i c l e s  and plasma environment. Also an insu la t ing  
p i a s t i c  balloon radome could be used t o  cover t he  antennas i n  order t o  
i s  olade dust pa r t i c l e s  and t h e i r  associated noise. 
:GQUTPivICNT REQUIREMENTS : 
15013 R. F. Noise Survey System (surface) 
Avg. Pwr. (watts ). 35 
Weight ( l b s )  - 800 
Volume (cu f t )  - 150 
Data Rate (BPS) - N/A 

DISCIPLINE: Astronomy 
EXPERIMENT I D  NO. : 4022 
EXPERIMENT TITLE : Radio Propagation 
APPLICABLE SUB-OBJECTIVE: 
AY-4 Determine surf  ace and subsurf ace e l e c t r i c a l  proper t ies .  This 
experiment makes a moderate contr ibut ion t o  t h i s  sub-objective. 
OBSERVATION REQUIREMENTS : 
Evaluation of the  ground wave propagation and propagation upon t h e  
lunar surface i s  t h e  f i n a l  output of t h i s  experiment. Radio transmission, 
from a t r ansmi t t e r  and an antenna, w i l l  be measured by a ca l ib ra ted  f i e l d  
s t r eng th  receiver  deployed upon t h e  lunar  surface  a t  a distance of about 
10 kilometers. The rad io  t r ansmi t t e r  w i l l  be an AM 10-watt nominal-output- 
frequency and ampli tude-stabil ized master o s c i l l a t o r  and power ampl i f ier  
capable of providing an output of 40 watts  over the  frequency range of 1 
K ~ z  t o  30 mHz. A long-wire Beverage wave antenna(1 d p l u s  a v e r t i c a l  whip 
antenna w i l l  be matched t o  t h e  t ransmit ter .  A por table  f i e l d  s t r eng th  
ind ica to r  which measures CFI o r  AF AGC voltage i n  the  frequency range of 
1 kHz t o  30 mHz i n  severa l  bands w i l l  be located  about 10 km away with 
ul t imate distances of hundred of kilometers. A VKF data  l i n k  with a wire 
mesh ground mat may be used t o  transmit  the  f i e l d  s t r eng th  measurements t o  
t h e  home base. 
The parameters t o  be measured a re  t h e  t r ansmi t t e r  antenna current  and 
f i e l d  s t rength .  The range and accuracy of t h e  parameters a r e  as follows: 
log antenna current  of 1 t o  103 ma (two s i g n i f i c a n t  f i g u r e s )  and log  f i e l d  
4 i n t e n s i t y  of 10 t o  10 mv/m (two s ign i f i can t  f i g u r e s ) .  
EXPERIMENT I D  NO. : 4022 
EQUIPMENT REQUIRED: 
Equipment No. Equipment Name 
15014 Transmitter and Antenna 
15019 F ie ld  Strength Meter 
Avg. Pwr. (watts) - 5-40 
Weight ( l b s )  - 33 
Volume (cu f t )  - .91 
Data Rate (BPS) - 30-50 

DISCIBINE : Astronomy 
I I D  NO. : 4023 . 
IMENT TITLE: Impedance Measurements of Antennas 
AY-4 Determine surface and subsurface electrical properties. The 
experiment is a minor contributor to this subobjective. 
OBSERVATION REQU-TS : 
Through accurate antenna impedance measurements, usefill information 
concerning the subsurface properties such as conductivity, permittivity a d  
depth of penetration, and the surface properties such as lunar surface dens- 
ity, permittivity and maybe surface magnetic fields will be determined. The 
itude and phase angle of the unknown impedance are measured directly from 
each antenna configuration over the frequency range of 1 m z  to 30 mHz in 
) 
present incremental frequency steps. The impedance magnitude will have a 
range of 1 to lo7 ohms and an accuracy to three significant figures. The 
phase angle will have a range of 0 to - + 180 degrees to be known to three sig- 
nificant figures. The equipment will consist of (1) a vector impedance meter 
and (2) a data recorder and antenna switching box. It is desirable to Lest as 
many antenna types as possible; therefore, a configuration of a long diple 
antenna stretched on top of the surface and one strung 3 to 5 meters above the 
surface. The dipoles will be 2 km long and separated into different lengths 
to make shorter dipoles (e.g., 1 W, 20 meters, 10 meters, etc .) . Also, a 
ship antenna 5 to 10 meters will be used and a short dipole of 20 meters 
oriented at right angles to the longer antenna. Two configurations should be 
run, grounded and not grounded for each antenna. Also, ground screens codd 
be used on the whip to reduce ground losses. After the measurements have been 
made and analyzed, then the antenna showing the best response to the lunar 
plasma will be set up for control from earth. 
EK?ERIMENT ID NO. : 4023 
3uipment No. Equipment Name 
15015 Dipole Antenna ( 2 km) 
15316 Dipole Antenna (20 m) 
15 0x7 Whip Antenna ( 10 m) 
33005 Tape Recorder 
11091 Vector Impedance Meter 
~vg, ~ w r ,  (watts) - 6-15 
Weight (1%) - 454.1 
Volume (cu ft) - 113.78 






































































































DISCIPLINE: As tronongr 
ID NO: 4024 
T I T U :  hnar Plasma Effects 
AY-4 Determine surface and subsurface electrical properties. 
The expergment e e s  a moderate contribution to this 
subobjective. 
OSERVATION REQUIREMENTS: 
The objectives of this experiment are to detect any plasma or ion- 
osphere near the lmar surface, to measure the electrical potential and 
ver%ica,l electric field gradient. The instrumentation will consist of three 
metei.lli@ spheres of 5-10 cm in diarneter supported by a pole of electrical 
insula"cion (teflon or fiberglass pole) at several heights above the surface. 
One sphere will be located on the surface, another two meters from the sur- 
face, and one 10 meters from the surface, each connected with switches to 
electrometers which are grounded, A fourth spherical probe in a lunar orbiter 
w o u l d  also be desirable. The electrometers will measure the instantaneous 
probe potential. From the probe potential versus time curves, the plasma 
potential at the various elevations above the lunar surface can be inferred. 
The vertical electric field strength could be crudely measured by using the 
determinations of the electrical potential versus time at the several elevations. 
These measurements would be correlated with the precise electric field strength 
meter, Another form of experiment would be to apply different potentials to the 
probes and use them as simple Langrmir plasma probes. Two separate setups could 
be used. 
r n W T P r n T  REQUIRED: 
Equipment Name 
15018 Plasma Probe Assembly 
15020 Electrometer Assembly 
Avg. Pwr. (watts) - 3.0 
Weight (lb) - 62 
Volume (cu ft ) - 7 
Data Rate (BPS) - 300 
2- m 
u z $  0 t o ,  0% 
a c-. 
$ UL i$ 
'i , 
5 3  c3 
DISCIPLTNE: Astronomy 
EXPERIMENT I D  NO. : 4025 
EXPERIMENT TITLE: Antenna Dust Accumulation 
~ y - 4  Determine surface and subsurface e l e c t r i c a l  proper t ies .  The 
experiment makes a minor contr ibut ion t o  t h i s  sub-ob jec t ive .  
The general  nature of the  experiment i s  t o  measure t h e  amount of dust 
p a r t i c l e s  (charged or  neu t ra l )  t h a t  accumulate on and/or near t h e  surface  
of the  antenna. A 30-meter hor izonta l  wire antenna about 1 mm i n  diameter 
w i l l  b e  s t r e tched  p a r a l l e l  t o  t h e  ground a t  a 3 meter height.  An e lec t ro -  
meter i s  hooked up t o  t h e  highly insu la ted  antenna on one s ide  and a sensing 
c i r c u i t  would measure the  p o t e n t i a l  i n  m i l l i v o l t s  of t h e  antenna as a funct ion 
of time, Large f luc tua t ions  of amplitude w i l l  appear when charge dust  
p a r t i c l e s  a re  passing overhead. Actual contact of t h e  antenna by charge p a r t i c l e s  
and micrometeorite showers could cause problems. I n  t h i s  case, a t r o l l e y  type 
device could be run over t h e  wire t o  remove the  p a r t i c l e s .  The setup m s t  
be removed from the  v i c i n i t y  of the  base t o  obta in  measurements t h a t  are 
unaffected by disturbances t h a t  are  man-made. The parameter t o  be measured 
i s  the antenna p o t e n t i a l  i n  m i l l i v o l t s  a t  1 mHz. 




Avg. Fwr. (wat ts )  - 3.0 
Weight ( l b s )  - 41.1 
Volume (cu f t )  - 7.0 




EXPERIMENT I D  NO. : 4026 
EXPERIMENT TITLE: Cis lunar  Wave Propagat ion 
APPLICABLE SUB-OBJECTIVES: 
AY-5 I n v e s t i g a t e  c i s l u n a r  medium. The experiment makes a major 
c o n t r i b u t i o n  t o  t h i s  sub-object ive.  
OBSERVATION REQUIREMENTS: 
The techniques involve t h e  measurement of e l e c t r o n  d e n s i t i e s  i n  t h e  
magnetospheric and extra-magnetospheric reg ions  and t h e  r ada r  range t o  t h e  
moon and t h e  accompanying range-rate .  A doppler r a d a r  technique i s  used f o r  
t h e  range r a t e ,  a c i s l u n a r  wave ranging technique f o r  abso lu t e  range, a 
c i s l u n a r  wave d i spe r s ion  technique f o r  t o t a l  c i s l u n a r  i n t e g r a t e d  e l e c t r o n  
dens i ty ,  and a Faraday r o t a t i o n  technique t o  determine t h e  magnetospheric 
e l e c t r o n  dens i ty .  A s e t  of t h r e e  t ransponders  f o r  each of t h e  t h r e e  J3F 
c a r r i e r  f requencies  (VHF, L-band and S-band) i s  used t o  coherent ly  t r a n s l a t e  
t h e  earth-to-moon s i g n a l  t o  t h e  moon-to-earth s i g n a l .  The VHF transponder  
r ece ives  t h e  up-l ink s i g n a l  a t  47 mHz and t r ansmi t s  t h e  down-link s i g n a l  at 
51  mHz; t h e  c a r r i e r  i s  phase modulated wi th  470 Hz, 4.7 kHz and 470 H z  
s i n u s o i d a l  s i g n a l s .  The L-band t ransponder  r ece ives  a t  423 mHz and t r ansmi t s  
a t  459 kHz wi th  4 .7  kHz and 470 kHz modulation s i g n a l s .  The S-band t ransponder  
r ece ives  and t r ansmi t s  a t  2115 mHz and 2295 mHz, r e spec t ive ly .  Phase 
modulation i s  employed a t  470 kHz and 4.7 mHz s i g n a l s  on t h i s  c a r r i e r .  A 
s i n g l e  antenna i s  u t i l i z e d  a t  each band f o r  continuous wave r ecep t ion  and 
t ransmiss ion .  A t  VKF, a c rossed  Yagi w i l l  b e  used. Parabolo id  antenna& 
w i l l  be  u t i l i z e d  a t  L-band and a t  S-band. A d ip l exe r  separa$es t h e  r e c e i v e r  
mPERIMENT ID NO. : 4026 Page 2 
from the  t ransmi t t e r .  Phase-locked loops a re  u t i l i z e d  t o  t r a ck  the  c a r r i e r  
and modulation sidebands. The locations of the  transponder s i t e s  should 
be separated 'by severa l  hundred t o  a thousand kilometers apar t .  A t  l e a s t  
t w o  s i t e s  would be located i n  the  equator ia l  region with a poss ible  t h i r d  
site located toward t he  polar  region. 
30008 Transponder - 3 frequency (with antennas) 
Avg. Pwr, (watts)  - 75 
Weight ( l b )  - 384 
Volume (cu f t )  - 36 
Data Rate (BPS) - N/A 

DISCIPLINE: Astronomy 
mPERIMENT I D  NO.: 4027 
EXPERIMENT TITLE: Radio Astronomical Observation of Discrete Sources 
Exhibit ing Temporal Varia.tions i n  t h e  Frequency Range 
0.6 m ~ z  t o  1.2 m ~ z  
APPLICABLE SUB-OBJECTIVE: 
AY-6 Perform rad io  and o p t i c a l  observations of s o l a r  system 
sources. The experiment makes a s i g n i f i c a n t  contr ibution 
t o  t h i s  sub-objective. 
The time var iable  s ignals  t h a t  w i l l  be s tud ied  w i l l  come from sources 
lying within the  s o l a r  system such as t h e  Sun, J u p i t e r ,  and the  Ear th ' s  atmos- 
phere and poss ib ly  other s o l a r  systems sources. The instrument w i l l  be a 
phase-switching interferometer  t o  discriminate t h e  source agains t  the  
background and t o  g r e a t l y  reduce t h e  receiver  s t a b i l i t y  problem. The bas ic  
system consis ts  of two s e t s  of mutually orthogonal loops spaced 3 km apar t  
w i th  an angular r eso lu t ion  of ~7 degrees. The loops w i l l  be +meter 
crossed loops a t  a height  of 5 meters. The receiver  w i l l  cover t h e  frequency 
range 0.6 t o  1.2 rnHz and have an IF bandwidth of 25 kHz. The number of lobes 
in the antenna p a t t e r n  w i l l  vary from 13 a.t 0.6 mHz and 25 lobes a t  1.2 mHz. 
The sweep r a t e  i s  6 rnHz per  second and t h e  phase switch r a t e  i s  800 Hz. 
EQUTPMENT REQUIRED: 
Equipment Name 
Antenna S e t  
Interferometer  ( rad io  frequency) 
Avg. Pwr. (watts)  - 12 
Weight ( l b )  - 495 
Volume (cu f t )  - 17.5 
Data Rate (BPS) - 1560 

DISCIPLINE: Astronomy 
ICXPERIMENT ID NO. : 4028 
EXPERIMENT TITLE: Observations f o r  Correlat ion with Ear th  Observations 
5 mHz t o  500 mHz 
APPLICABLE SUB-OBJECTTVES: 
AY-6 Perform rad io  and op t i c a l  observations of s o l a r  systems sources. This 
experiment makes a s i gn i f i c an t  contr ibut ion t o  t h i s  sub-objective. 
OBERVATION REQUIREMENTS : 
These observations w i l l  be c lose ly  cor re la ted  with ea r t h  observations. 
The lunar  based operations w i l l  s tudy the  temporal var ia t ions  i n  the  received 
s ignals .  The ea r th  based operations w i l l  provide t he  d i rec t iona l  o r  angular 
resolut ion needed. 
Wideband or sweep-frequency radiometric receivers  w i l l  be sens i t ive  
from 5 rd3z t o  500 mHz with a va r i e t y  of antennas. Two l o g  per iodic  antennas 
w i l l  be used, one from 5 t o  50 MHz and one from 50 t o  TOO MHz. 
The loca t ion  of the  antennas w i l l  p referably  be t h e  far s i de  of t he  
moon or secondari ly the  limb. 
EQU T REQUIRED: 
Equipment Name 
11109 Log Periodic Antenna System 
Sl.110 Sweep Frequency Radiometer 
Avg. Pwr. (watts)  - 3 
Weight ( l b s )  - 115 
Volume (cu f t )  - 7.8 









































































































































































DISCIPLINE : As t r o n o q  
BPXRIMENT I D  NO.: 4029 
EXERIMENT TITLE: Infrared Astronomy 
APPLICABLE SUB-OBJECTIVES: 
AY-6 Perform radio  and op t ica l  observations of s o l a r  system sources. 
This experiment makes a major contribution t o  t h i s  sub-objective. 
O E E R V A T I O N  REQUIREMENTS : 
The nature of t he  experiment w i l l  be t o  c losely  observe the  in f ra red  
phenomena r e l a t ed  t o  the  planets,  s t a r s ,  and galaxies.  The reasons f o r  the  
lunar operations are  the  long observation time afforded by the  lunar night 
on the  equator, and near f u l l  coverage of the  planets .  Also, the  lunar 
horizon occults  the  sun and t h i s  permits near-solar access f o r  measurements 
of the  inner planets.  
Observation w i l l  be made through t he  1.3 meter telescope with 
appropriate camera accessories and IR detectors.  
EQZnr LPMENT REQUIRED : 
Equipment Name 
11095 Telescope (50-in. ) 
Avg. Pwr. (watts)  - 250 (RTG) 
Weight ( l b s )  - 11,055 
Volume (cu f t )  - 3,670 
Data Rate (BPS) - Film (3 lbs/day) (processing 1.5 lbs/day) 
DISCIFLI~:  MLronmy 
mmRlmm 323 NO, : 4030 
EXPERmTgT T I T U  : QpLjbea Fa%ronau  
mPLICIAm St%-ONECTDES : 
AY-6 Perform radio and q t i c a E  observations of ga l ac t i c  and extra-  
galdct ic  sal?ces, This experiment makes a major contribution 
to this ~'~113-objective i n  t e r m  of the  overa l l  objectives of 
Obser~re discre"c end exterded s k e l a r  objects  such as s t a r  clus%ers,  
d i f fuse  nebulae, p lanetary  nebulae, galaxies,  quasars, and pecul iar  o'bjecks 
0 
i n  t he  900 - 10,000 .A spec t r a l  ~ e g i o n  using imaging, spectrographic, and 
photometric teclmiques. These observations w i l l  be accomplished thruugh 
m l t i p l e  eqes-inlen-ts covering t h e  e n t i r e  c e l e s t i a l  sphere. The planned 
eqer imentx  sae : 
l, Fie ld  k a g e  videographic recording 
2 Concave graking speetroseopy 
3. 70 mm and 250 m photometry 
Infrared erperimexLs will not be perf o m d  on t h i s  telescope. 
Avg, Pwr, (watts ') -- k-080 
Weigbk (lb) - 33,000 
V O I W ~  (cu ft) - 746 (leu~eh configuration) 
Daba Rate (BE) -. 3 x BOG 
DIS GLPLINE : ~ e o l o g y / ~ e o c h e m i s t r ~  
mPERImNT I D  NO. : 4032 
mERINNT TITLE : Geologic Mapping, Analysis and S t  ra t  igraphy 
AgPLIGABLF: SUB-OKJECT7NES: GG - A l l  
This experiment encompasses nea r ly  a l l  geologic f i e l d  s t u d i e s  
inc luding mapping, ana lys i s ,  and s t r a t i g r a p h i c  inves t iga t ions .  It is 
a  major con t r ibu to r  t o  t h e  geology/geochemistry program, e s p e c i a l l y  
t o  sub-objectives GG-2, 3, 4, 5, and 6. 
GP-2 It w i l l  a l s o  be a  s i g n i f i c a n t  cont r ibutor  t o  determining t h e  
s t a t e  and corrrposition of t h e  moon by s tudy of e j e c t a  of deep sea ted  
o r i g i n  and o ther  sur face  f e a t u r e s  i n d i c a t i v e  of lunar  geologic 
h i s to ry .  - 
ET-4 Because t h i s  experiment involves c lose  observat ion and sampling 
of l a rge  areas where water-r ich rocks may occur, it i s  a  major 
con t r ibu to r  t o  ET-4, support ing t h e  e x t r a c t i o n  of water o r  oxygen 
from luna r  mater ia ls .  
OBS ERSTAT ION REQUIREMENTS : 
( 1 )  I n  s i t u  observations, ana lys i s  and nota t ion  of a r e a l  geologic f e a t u r e s ,  
s p e c i f i c a l l y  geologic contac ts ,  d i s t r i b u t i o n  of l i t ho logy ,  s t r u c t u r e ,  and land- 
form. The end product is  a  geologic map. 
(2) Instrumental  measurements of l i t h o l o g i c  types f o r  r e f l e c t e d  and 
0 
emit ted IR r ad ia t ion ,  1 - 1 4 p  , and f luorescence exc i t ed  by W a t  2500 A and 
0 
3500 A. 
( 3 )  Point  s t u d i e s  of t h e  s t r a t i g r a p h i c  succession a t  s p e c i f i c  l o c a l i t i e s ,  
de l inea t ion  and measurement of rock u n i t s  according t o  l i t h o l o g y  and genet ic  
f ea tu res  represent ing  s i g n i f i c a n t  events i n  t h e  evolu t ion  of t h e  lunar  surface.  
EXPERIMENT I D  NO. : 4032 
Geologic Mapping 
This i s  a two-man, EVA mission. The bas ic  equipment w i l l  be c m r a ,  
recorder, base map, too l s ,  and sampling k i t .  The observer i s  required %a 
t r a v e l  around h i s  area  making v i sua l  observations and co l lec t ing  sarr~ples R m  
analysis .  He w i l l ,  a t  times, s top  f o r  extended periods (1/2 - 1 h m r )  and make 
descr ipt ion of observed s t ructure .  The remaining time w i l l  be taken up i n  
t rave l ing  and shor t  (1 - 2 minute) stops t o  make records. 
Instrumental Measurements 
During.mapping or s t ra t ig raph ic  invest igat ions ,  some physical and 
chemical charac te r i s t i cs  of exposed lunar materials w i l l  be determined & 
s i t v ,  using various portable "black box1' devices, such as an IR radiometer, 
Auger spectrometer, and W "blacklight". 
S t ra t ig raph ic  investigations c a l l  f o r  EVA so r t i e s  a t  spec i f i c  l o c a l i t i e s  
by a two-man team. Useful exposures are  generally found i n  s teep c r a t e r  and 
r i l l e  walls. Sor t i es  may vary from 100-meter t raverses  across narrow r i l l e s ,  
t o  several  km i n  length. Geologic data w i l l  be recorded by c a e r a s  
v o c d l y .  Location and recording of operations may be a s s i s t ed  by geologic 
mapping process ( a  concurrent operation) or by use of Lunar Surveying Sy-sdem, 
Only quant i ta t ive  measurements always required a re  s t ra t ig raph ic  thickness, 
by measuring tape,  clinometer and azimuthal device. Occasional s o r t i e s  will 
involve use of W fluorescence detector,  IR radiometer, and/or "black boxge 
such as Auger spectrometer. 
Another form of t h i s  invest igat ion (same end r e s u l t )  is  the  
construction of a dri l l  hole, with concurrent geologic and geophysical 
logging. This a c t i v i t y  i s  described i n  experiments 4033 and 4059. 
EXPERIMENT I D  NO. : 4032 
EQUIPMENT REQUIRED: 
Equipment No. Equipment Name 
11111 I R  Radiometer (por tab le ,  such as  t h e  Barnes PRT-10 model) 
Mapping Kit  
Geological Tool Ki t  
W Light  
14025 Por t ab le  Auger Spectrometer 
Avg. Pwr. (wa t t s )  - 2 
W.eight ( l b s )  - 126.5 
Volume (cu f t  ) - 8.8 































































































































































































































































































































































































































































DISCIPLINE: ~eology/Ge ochemistry 
E3EPmImNT I D  NO.: 4033 
mmRmNT TITLE: Dr i l l ing  and Subsurface Sampling (30-meter d r i l l  on 
Mobile ~ a b )  
llPPLICABLE SUB-OW CTIVES : GG-ALL , ET-4 
Dr i l l ing  and subsurface sampling, with associated geophysical 
experiments u t i l i z i n g  t he  d r i l l  hole, w i l l  be one of the  most 
productive operations i n  the  LSB s c i e n t i f i c  program, and w i l l  
contribute s i gn i f i c an t l y  t o  a l l  geoscience sub-ob j ect ives  . 
Those most d i r e c t l y  advanced w i l l  be GG-2, study of lunar 
materials;  GG-5, geologic h i s t o ry  or  geochronology; and GG-4, study 
of ancient processes, such as deposition of hydrocarbons or  act ion 
of water on t he  moon. This experiment i s  a major contributor-to 
ET-4, the  extract ion of water or oxygen from lunar materials .  
OBSERVATION REQUIREMENTS : 
Lithologic logging concurrent with d r i l l i n g  operation; iden t i f i ca t ion  
of l i thology (rock types ) , gaseous emanations, t e x t u r a l  nature, degree and 
manner of bedding, as a function of depth. Same features  sought i n  the  
field, Experiment 4032. S t ra t ig raph ic  investigations.  
Methods 
Largely v i sua l  and simple physical  inspection of cut t ings  and cores 
f rom hole. 
1. Examined as they a re  obtained from hole, according t o  Experiment 
4038, mineralogic and chemical analysis  i n  s i t u .  
EXPERIMENT ID NO: 4033 Page 2 
2. Water and other volatile materials emanating from hole ixi..ll be 
detected by gas chromatography/mass spectrometer. 
3. Samples examined and analyzed further in LSB lab according kg, 
Experiments 4037 - Petrographic Analysis, 4060 - anerdogic 
Analysis, 4061 - Instrumental Chemical Analysis. fieferret3 
specimens will be returned to earth for detailed study, 
Procedure 
Holes will be, drilled at places of greatest estimated value for 
shallow depth exploration. 
!The drill will be either a rotary type with diamond bit (as currently 
under development by westinghouse) or a percussive type with a dom-hole 
anchoring m d  vibrator driving a tungsten carbide coring bit (currmtly 
under development by Bendix-Martin Marietta). When time permits, %he holes 
will be cored continuously. When time or energy for drilling is lM "c3 ,  or 
if a hole is being drilled for a specific purpose (e.g., for seisnic "shooting" 
or a heat flow probe), cores may be taken only at intervals. 
As drilling proceeds, the cuttings and cores produced w i l l  be logged 
(plotted versus depth) according to their lithology and other phy-sical char- 
acteristics. The rate of drilling is also recorded to give an idea of rock 
tenacity and hardness. Samples are labeled and taken to LSB laboratory for 
analysis. 
Further Uses of Drilling 
1. Following drilling, lower geophysical probes (~xperirnen-t 4059) to 
measure : resistivity, density (gamm-ray scattering), water 
content (neutron bombardment ) , magnetic susceptibility, m.d  
permittivity. 
mPERINT ID NO. 4033 Page 3 
2.  Test hole for expelled gas with cold cathode gage and mass 
spectrometer for determination of volcanic, organic, or other 
emanat ions . 
3, For seismic experiments, insert geophone to bottom of hole, Lhunqp 
surface to obtain direct measurement of velocity in the upper 
level of crust, or regolith. 
4. For (heat flow) measurements, temperature sensors will be buried 
in the leave hole, Temperatures will be modified for a year to 
insure equilibrium conditions will be identified. 
5. Detonate explosive charges in bottom of hole for effective active 
seismic sounding of subsurface layering or structures  his 
destroys the hole, do it last). 
EQUIPiM33IT BXQUIBXD : 
Equipment No. 
50009 g (mounted on mobile laboratory) 
90019 Geologic tool kit 
14025 Auger Spectrometer 
14027 Portable Mass Spectrometer 
1j-bo28 Portable Gas Chromatograph 
Avg. Pwr, (watts) - 3000 
Weight ~(1%) - 333.8 
Volume (cu ft) - 39.8 
Data Ra%e (BPS) - N/A 

DISCIPLmE : Geology/Geochemistry 
E Z E R I r n N T  I D  NO. : 4037 
mPERmNT T I T U :  Petrographic Analysis of Rocks ( i n  l ab)  
MEPIICABLE SUB-OBJECTIVES: 
GG-2 Determine the  physical ,  mineralogical,  and chemical proper t ies  
of lunar materials .  
Petrographic analysis  w i l l  i d en t i f y  rock type, give gross f a b r i c  
and semi-quantitative mineralogic composition and i s ,  therefore ,  a major 
c m t r i b u t o r  t o  t h i s  sub-objective. It w i l l  a l s o  indicate  the  degree of 
a l t e r a t i o n  due t o  shock processes o r  mineralizat ion.  
A t h i n  sec t ion  of each specimen t o  be analyzed w i l l  be required. These 
musc be mounted on glass  s l i de s  and ground t o  .003 inches. The petrographer 
w i l l  examine the  sample using the  petrographic microscope. The main areas of 
i n t e r e s t  a re  f ab r i c ,  t ex tu re ,  composition, and i n t e rna l  s t ruc tu re .  Standard 
~ e t r o g r a p h i c  techniques w i l l  be employed. A wr i t t en  descr ip t ion of each 
sample w i l l  be required. 
EQUTPrnrn REQUIRED: 
Equipment Name 
90008 Petrographic Microscope 
Sanrple Preparation Device ( f o r  cu t t ing  and preparing 
t h i n  sections on g lass  s l i d e s )  
Avg. Pwr. (watts)  - 100 - 500 
Weight ( l b s )  - 57.6 
Volume (cu f t )  - 23.35 

























































































































































































DISCIPLINE : ~ e o l o ~ ~ / ~ e o c h e m i s t r y  
mPERImW I D  NO, : 4038 
EXPERIPENT TITLE: Mineralogic I d e n t i f i c a t i o n  and Chemical Analysis I n S i t u  
GG-2 Determine t h e  phys ica l ,  mineralogical  and chemical p rope r t i e s  
of luna r  mater ia ls .  
The i n  s i t u  i d e n t i f i c a t i o n  of t h e  p roper t i e s  of l u n a r  ma te r i a l s  
i.s a moderate con t r ibu to r  t o  t h e  sub-objective. The i n  s i t u  analyses 
will a s s i s t  opera t ional  planning of LSB missions and serve t o  screen  
s2ecimens f o r  more d e t a i l e d  analyses t o  be performed i n  t h e  LSB l abora to ry  
alld on e a r t h  wi th  re turned samples. 
i n  s i t u  analys is  w i l l  be s h o r t  dura t ion  scanning examinations of 
L i t b j l o g i c  ma te r i a l s  and n a t u r a l  l una r  gases from volcanic or  o ther  sources. 
1-1-  !t,e -C analyses w i l l  use t h e  Auger spectrometer,  t h e  Neutron Act iva t ion  
Anal>-zer, and a Mass Spectrometer. 
Ce ta i l ed  analyses (x-ray, IR-W) ( 5 )  and (6)  of chips of s e l e c t  ma te r i a l s  
7,~i11 be performed i n  t h e  Base. Addit ional  analyses w i l l  be performed on e a r t h .  
It i s  expected t h a t  one i n  f i v e  i n  s i t u  samples w i l l  be removed f o r  f u r t h e r  
examination i n s i d e  t h e  Base. 
EQLIPrnbT REQUIRED : 
Eouinm?nt No. Equipment Name 
Neutron Act iva t ion  Analysis Equipment 
Auger Spectrometer 
Mass Spectrometer 
Avg. Pwr. (wa t t s )  - 3 - 25 
Weight ( l b s )  - 125 
Volume (cu  f t )  - 2.0 




DISCIPLINE: Geology/Geochemis try 
EXPERIMENT I D  NO. : 4039 
EXPERIMENT TITLE: Inves t iga t ion  of Lunar Trans ient  A c t i v i t y  (LTA) 
APPLICAEiLE SUB-ONECTNES : GG-3, GG-8 , GG-1 
This experiment y i e lds  increased  knowledge of a c t i v e  luna r  
processes,  such as  outgassing, moonquakes o r  o the r  unknown processes ;  
hence, it i s  a moderate con t r ibu to r  t o  sub-objectives GG-3, study of 
dynamic processes;  GG-8, locar t ing  LSB s i t e s  with exp lo i t ab le  resources;  
and GG-1, s tudy of l u n a r  su r face  f e a t u r e s  (such as  a c t i v e  v o i e a n i . ~  
landforms ) . 
OBSERVATION REQUIREMENTS: 
- 
Glowing or  wispy fea tu res  as  seen from e a r t h  (hundreds of documented 
occurrences),  dust  clouds, o r  flames a r e  candidates f o r  observation. I o n i z a t i o ~ ~  
pressure  sensor w i l l  de t ec t  outgassing. Mass spectrometer w i l l  de t ec t  outggassfiig 
and i d e n t i f y  composition and seismometers w i l l  de t ec t  s t rong  ground movement, 
Maintain constant  atmospheric monitoring on a l l  long rover  t r i p s  or  t r ave r ses  
(experiments 4053 and 4054) us ing  boom-mounted co ld  cathode and gas mass 
spectrometers.  S i t e s  of outgassing found by above o r  by  earth-based "c les  copy 
w i l l  be inves t iga ted  by f i e l d  crew f o r  clues t o  t h e  cause of t h e  LTA. Both 
day and n ight  observations a r e  useful .  A t  s i t e s  a t  which a c t i v i t y  appears 
ac t ive ,  bu t  in t e rmi t t en t ,  a LTA experiment package w i l l  be deployed f o r  
remote monitoring . 
EQUIPMENT REQUIRED : 
Equipment No. Equipment Name 
Mass Spectrometer 
Ion iza t ion  Pressure  Sensor 
Seismometer (4  coGonent  ~ a m o n t )  
mPERIQJLENT I D  NO. : 4039 
EQUIPmNT REQUIRED: (continued) 
Avg. Pwr. (watts)  - 1 - 12 
Weight ( l b s )  - 39.4 
Volume (cu f t )  - 1.462 
Data Rate (BPS) - 10 - 1000 
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DISCIPLINE : ~ e o d e s  y/cartography 
EXPERIbENT I D  NO. :  4044 
EXPEXIbEMT TITLE : Geodetic Grid Construct ion 
PLPPLICABLE SUB-OBJECTTVES : 
C C - 1  Establ ishment  of a t h r e e  dimensional geodet ic  c o n t r o l  system 
over t h e  e n t i r e  l una r  su r f ace  i n  terms of l a t i t u d e ,  longi tude ,  
and he ight  above t h e  chosen re ference  f i g u r e .  
The p re sen t  experiment w i l l  b e  a major c o n t r i b u t o r  toward t h i s  
sub-object ive.  
c25 9V;i;TON F;EQUIRErnNTS : 
daslc ground observa t ion  requirements inc lude  cons t ruc t ion  of 
p ~ r n s r ~ = ~ ~ " , e o d e t i c  monuments, v i s i b l e  from o r b i t a l  a l t i t u d e s ,  ground based 
s c ~ , l a r  pnotography and abso lu t e  gravimeter  measurements. These w i l l  be  
LS +d In conjunct ion wi th  l a s e r l r a d a r  a l t i m e t r y  d a t a  and me t r i c  photography 
t ~ o e n  f r ~ x  o r b i t .  The bas i c  u n i t  of measurement on t h e  su r f ace  w i l l  be one 
d-gree ( Z 3 0  la). Accuracy of - + 100 meter w i l l  be requi red .  This means 
absc lu t e  g r a v i t y  measurements accura te  t o  - + 10  m i l l i g a l s .  A v e r t i c a l  
acctiracy of - + 10 meters i s  a l s o  requi red .  It i s  d e s i r a b l e  t o  s e t  up a ne t -  
wrrk of r e g u l a r l y  spaced measurement s t a t i o n s ;  however, t h i s  i s  probably 
not f e a s i b l e  on t h e  moon. I n s t e a d  it i s  a n t i c i p a t e d  t h a t  a t  each experiment 
location an absolu te  g r a v i t y  reading w i l l  be  taken.  Surface t r i a n g u l a t i o n  
of meas7~rements s t a t i o n s  should be accura te  t o  - + 1 inch.  
EQIJIPMENT REQUIRED : 
E!22 Equipment Name 
Absolute Gravimeter 
Photographic Astronomical T r a n s i t  
Gravimeter ( ~ a ~ o s t e  ~ o m b e r ~ )  
EXPERIMENT I D  NO. : 4044 
EQUIPMENT REQUIRED : (continued) 
Avg. Pwr. (watts)  - 1-25 
W e i g h t  ( l b s )  - 175 
Volume (cu f t )  - 5.0 


















































































































































































































EXPERIMENT ID NO. : 4045 
EXPERIMENT TITLE: Gravity Profil ing 
APPLICABLE SUB-OBJECTIVES : 
GP- 1 Determine the mass dis t r ibut ion and figure of the moon. 
GP-4 Determine earth-moon mechanical interactions.  
This experiment w i l l  be a moderately important con-tribu-tion 
toward meeting the above two sub-objectives. 
OBSERVATION REQU TS: 
The general nature of t h i s  eqeriment is  t o  obtain absolute gravity 
measurements and gravity anomalies a t  a l l  the bases and along a l l  traverses,  
It is  desirable f o r  absolute measurements t o  achieve an accuracy of O,L milligal 
or less .  Also obtained with absolute gravity measurements are ve r t i ca l  gradien 
measurements. The accuracies required fo r  gravity anomalies are dependent on 
re la t ive  elevation accuracies. I f  a precision of 1 meter i n  elevation i s  
available, then a gravity measurement of 0.1 mi l l iga l  accuracy is  us able ; 
a 10-meter precision would permit reductions t o  1.0 mgal, Portable grav-i- 
meters would be used on the traverses with spacing of each measurement t o  
every 100 meters f o r  features on the order of 200-300 meter extent i f  elevatrlon 
control i s  known t o  1.0 meter. The range of the gravimeters should be several 
thousand mill igals.  The range of the gravimeters should be several thousand 
milligals. Gravity anomalies are the differences between measured gravity 
and a normal value; it ref lec ts  the difference between subsurface dis"c5buution 
of density and some density model. Such instrumentation should be f ree  of 
d r i f t  or have a t  worst a l inear  d r i f t .  Gravity measurements w i l l  be r e s t r i c t ed  
t o  the LSB and on traverses. The LSB operations w i l l  be l imited t o  the emp1aeernen-t 
mPmMNT I D  NO. : 4045 
0 MmVAmON REQUIRFSIENTS (con ' t ) 
of a gravimeter near t he  s i t e  within walking distance.  The t raverse  opera- 
t i o n s  w i l l  e n t a i l  measurements taken every 100 meters f o r  the  smallest 
fea tu res  t o  every kilometer f o r  longer t raverses .  The vehicle must stop 
to make the  measurements. 
Equipment Name 
11112 Absolute ~ rav ime te r  
Avg. Pwr. (watts)  - 1.0 
Weight ( l b s )  - 22 
Volume (cu f t )  - 1.8 








DZS C IPLINE : Geophysics 
E X P E R L M E ~  ID NO. : 4046 
EXPERIE?IENT TITLE: Active Seismic Invest igat ions  
APPLICABLE SUB-OBJECTIVES: 
GP-2 Determine the  physical  s t a t e  and composition of the  lunar 
i n t e r i o r .  
Active seismic soundings w i l l  given information t o  a depth 
of approximately 2000 f e e t ;  w i l l  be a minor contributor t o  t h i s  sub- 
objective.  
GI--3 Evaluate the  i n t e rna l  dynamics (heat  flow, c i rcu la t ion ,  
creep, e t c . )  of the  moon. 
Active seismic measurements w i l l  give information on ve loc i ty  
of basement rocks and thickness of debris layer ,  and w i l l  be a minor 
contributor t o  t h i s  objective.  
ET-7 Support the  u t i l i z a t i o n  of lunar materials .  
Measured seismic ve loc i t i e s  w i l l  indicate  the  type of lunar 
materials  (e .  g., unconsolidated vs. r i g i d  mater ia ls )  ex i s t ing  near 
surf ace which may be u t i l i z e d .  
OBSERVATION REQUlI33MENTS: 
Seismic data  w i l l  be taken along geophysical t r averses  and a t  l o c a l l y  
se lected areas around the  LSB s i t e .  There i s  an i n i t i a l  set-up time of 
several  hours t o  emplace geophones along a pa th  severa l  hundred meters 
Long, An explosive charge i s  buried approximately two f e e t  below the  
surface, The charge w i l l  be detonated and t r a v e l  times of t h e  r e f l e c t ed  
and r e f r ac t ed  waves measured. Recording equipment may be  contained within 
a rover, Appraximately 10-15 pounds of explosive w i l l  be required a t  each 
s i t e ,  Alternate seismic energy sources may be preferable  t o  explosives. 
EXPERIMENT I D  NO. : 4046 
EQUIPMENT REQUIRED : 
Equipment No . Equipment Name 
40005 Time Base Generator 
11087 Seismic Amplifier 
5001.0 Seismic Energy Source 
50012 Ge ophones 
Avge Pwr. (watts)  - 5.0 
Weight ( l b s )  - 555.5 
Volume (cu f t )  - 14.708 















































































































































MPERIMENT ID EB).: 4047 
MPERmNT TITLE: Passive Seismic Measurements 
AP??LIC SUB-OBWIECTIVES : 
GP-2 Determine the physical state and composition of the Luraar 
interior. 
GP-3 Evaluate the internal dynamics (hea* flow, circulation, creep, etc . ) 
of the moon. 
m-3 Deduce the nature and relative importance of dynamic natural pro- 
cesses on the lunar surface. 
a - 6  Construct geologic maps of the lunar surface, delineating :Iftho- 
Logic contacts, tectonic structures, physiographic and petro- - 
graphic provinces. 
W-8 Locate geologically favorable sites for advanced lunar exp:bora- 
tion/exploitation scientific facilities. 
This experiment will be a major contribution toward meeting %he 
above sub-objectives. 
OBSERVAT1:ON REQUI 
The acquisition of seismic data is the highest priority in detemining 
the structure and composition of the interior of the moon. This experiment 
will determine the seismically active areas and will establish the travel 
times of body waves and the dispersion of surface waves to infer the seismic 
velocity distribution and an elasticity of the moon. The measurements % r i l l  be 
of short period waves, 0.2-25 Hz, and of long period waves, 0.005-3.3 Hz. The 
dynamic range should be 1.0 millimicron to 10 micron. The inst 
be a 4-component (one short period and three long period components) station 
E3CPERIT/IENT I D  NO. : 4047 Page 2 
OBSERVATION REQUIREMENTS : ( continued) 
at each s i t e  with two other s t a t i ons  located a t  t he  ver t i ces  of a 10 kilometer 
triangle (minimum). Triangle sca le  should expand t o  1000 km using "arrays of 
a r r ~ y s  I  * 
EQUIPPZENT REQUIRED : 
Equipment Name 
11088 Seismometer (4 ~omp. ~amon t )  
Avg. F'wr. (watts)  - 1.0 
Weight ( l b s )  - 22.2 
Volume (cu f t )  - 0.56 
































































































































































































































DISCII?I,mE: ~eo logy /~eochemis  t r y  
mPEP(IMm ID NO. : 4048 
mERIMEI\FT TITLE: Deep Dr i l l ing  and S q l i n g  
This experiment w i l l  give core samples t o  a depth of 300 meters 
and make it a major contributor t o  these  objectives.  
OSERVATION REQUIREMENTS: 
The d r i l l ,  because of the  long term nature of t he  d r i l l i n g  operation, 
w i l l  be located a t  semi-permanent s i t e s .  The geologist  i n  charge w i l l  make 
:preliminary examination of core samples and choose samples t o  be returned 
for de ta i l ed  examination. A log of d r i l l i n g  r a t e  should be kept. Chips 
raised from hole should a l s o  be logged. A t  completion of t he  d r i l l i n g  the  
hole may be used f o r  geochemical/geophysical experiments using down hole 
]?robes, 
Equipment Name 
i30008 Stat ionary D r i l l  
Avg. Pwr. (watts)  - Self  contained power suj?ply 
Weight ( l b s )  - 30,200 
Volume (cu f t )  - 2,100 












































































































































DISCIPLINE : P a r t i c l e s  and F i e l d s  
EXPERIMENT I D  NO. : 4050 
EXPERIMENT TITLE: S o l a r  Wind and Energet ic  P a r t i c l e s  
APPLICABLE SUB-OBJECTIVES: 
PF-1 S o l a r  Wind-Moon I n t e r a c t i o n  
The measurement of s o l a r  wind a t  t h e  lunar  su r face  i s  a  major 
con t r ibu t ion  toward meeting t h i s  objec t ive .  
PF-2 Fundamental Physics of Plasma In te rac t ions  
Measurement of s o l a r  wind d i s t r i b u t i o n s  a t  t h e  luna r  su r f  ace 
provides a  major con t r ibu t ion  t o  t h e  acconrplishment of t h i s  objec t ive  , 
PF-4 Lunar P a r t i c l e  Environment 
The measurement a t  t h e  lunar  su r face  of inc iden t ,  r e f l e c t e d  
and secondary nucle i ,  e l ec t rons  and rad ia t ions  i s  a  major cont r ibut ion  
t o  t h i s  sub-objective. 
OBSERVATION REQUIREMENTS: 
The na ture  of t h e  f i r s t  p a r t  of t h i s  experiment i s  t o  b e t t e r  understand 
t h e  i n t e r a c t i o n  between t h e  s o l a r  wind and t h e  luna r  sur face .  The measure- 
ment requirements f o r  t h e  proton d i s t r i b u t i o n  are :  (1)  proton f l u x  lo7 -. loi0 
4 particles/cm2/sec, (2)  proton energy lo2 - 2  x 10 ev, (3) angular extent .  
The instrument w i l l  be a  s o l a r  plasma spectrometer.  Two instruments ,  at l e a s t ,  
a r e  necessary f o r  mea~urements toward t h e  sun and i n  a  f i x e d  d i r e c t i o n  away 
from t h e  sun ( i n  t h e  hor i zon ta l  d i r e c t i o n  away from t h e  e c l i p t i c ) .  
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The nature of t he  second p a r t  of t h i s  experiment i s  t o  observe and 
record inc ident  charged p a r t i c l e s  i n  the  so l a r  and an t i - so la r  d i rec t ion  with 
d i s c r i ~ n a t i o n  techniques from ga l ac t i c  p a r t i c l e s  and so l a r  pa r t i c l e s .  The 
measurement requirements f o r  the  ga l ac t i c  p a r t i c l e s  are:  (1) f lux  1-20 
8 pas-ticles per cm2, (2 )  energy - 5 x 10 t o  1 x 10" ev, (3)  energy accuracies 
+ 2($, The measurement requirements f o r  so l a r  p a r t i c l e s  are:  (1)  primary 
- 
2 particle flux up t o  10" part icles/cm /sec and secondary f luxes  up t o  10 4 
8 particles/cm2/sec, (2) proton energy 3 x lo5 - 5 x 10 ev, (3) e lect ron 
7 energy 5 x lo4 - 5 x 10 ev, and (4) resolut ion i n  energy and f l u x  - + 1%. 
Equipment Name 
lk301 P a r t i c l e  Counter (LOW ~ n e r ~ ~ )  
14002 P a r t i c l e  Counter ( ~ i ~ h  ~ n e r g y )  
14020 P a r t i c l e  Spectrometer 
rsog8 Cosmic Ray Spectrometer Telescope 
Avg. Pwr. (watts)  - 0.5 - 5.0 
Weight ( l b s )  - 37.3 
Vohme (cu f t )  - 0.94 
Data Rate (BPS) - 200 - 2000 

DISCIPEIm : P a r t i c l e s  and Fie lds  
IMPERmNT I D  NO. : 4051 
TITLE: Magnetic F i e l d  and E l e c t r i c  F i e l d  Temporal Variat ions 
,@PLICABLE SUB-OBJECTIVES: 
PF-3 Magnetic and E l e c t r i c  Fie lds  Around, On and Within t h e  Moon. 
Direct  measurement of t h e  magnetic and e l e c t r i c  f i e l d s  a t  
t h e  lunar surface w i l l  f u l f i l l  a major p a r t  of t h i s  sub-objective. 
AY-4 Plasma Proper t ies  (surf  ace and subsurf ace) 
This experiment gives major support t o  t h e  sub-objective wi th  
respect  t o  measuring t h e  magnetic f i e l d s  a t  low frequencies i n  t h e  
plasma a t  t h e  lunar surface.  
OBSmVATION REQUIREMENTS: 
A metastable helium magnetometer w i l l  be u t i l i z e d  t o  measure t h e  
magnitude (gammas) and d i rec t ion  (degrees) of the  ambient magnetic f i e l d  
vector .  These measurements w i l l  be conducted a t  a sample r a t e  of once 
per second, (dura t ion 5 minutes) and t h e  experiment w i l l  be c a r r i e d  out 
twice each 24-hour per iod during t h e  lunar day and lunar night .  The 
experiment durat ion w i l l  be extended as required during periods of s o l a r  
wind a c t i v i t y  and spec ia l  events. The sensor should be placed a t  a loca t ion  
where unwanted s t r a y  magnetic f i e l d s  a re  l e s s  than 0.25 gamma. The range 
of the magnitude of t h e  magnetic f i e l d  w i l l  be 0.25-100 gammas with an 
accuracy of two s i g n i f i c a n t  f igures .  
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Low frequency plasma waves i n  t h e  range of 0.01 t o  10 Hz w i l l  be 
monitored with respect  t o  magnetic f i e l d  magnitude and i n t e n s i t y  by two 
add i t iona l  types of magnetometers: a search c o i l  system a.nd a f l u x  gate  
instrument. Magnetic f i e l d  range w i l l  be from 0.01 t o  100 gammas, 
The emplacement of t h e  experiment must be near t h e  noise survey 
experiment and f a r  enough avay from t h e  base t o  obta in  measurements 
f r e e  of man-made f i e l d s  . 
The i n t e n s i t y  and d i rec t ion  of t h e  e l e c t r i c  f i e l d  w i l l  be measured a t  
the  surface and 5 t o  10 meters a.bove the  surface.  Two e l e c t r i c  f i e l d  meters 
will be used -- one a t  t h e  foo t  of a mast and t h e  other a t  a var iable  
height on t h e  mast. The experiment would be automated a f t e r  t h e  i n i t i a l  
setup and ca l ib ra t ion .  The i n t e r v a l  of e l e c t r i c  f i e l d  values t o  be measured 
i s  from 0.01 t o  100 volt lmeter  with a s e n s i t i v i t y  of 0.01 volt/meter, 
EQUIPMENT REQUIRED : 
Equipment No. Equipment Name 
15011 Search Coil  Magnetometer 
15008 Flux Gate Magnetometer 
150x0 Helium Magnetometer 
15012 E l e c t r i c  F i e l d  Detector (~mplaced)  
Avg. Pwr. (wat ts )  - 0.4 - 10 
Weight ( l b s )  - 43.4 
Volume (cu f t )  - 0.83 
Data Rate (BPS) - 2 - 320 

DISCIPLINE : Lunar Atmosphere 
EXPERIMENT I D  NO. : 4053 
EXPERIMENT TITLE: To ta l  Pressure and Composition 
APPLICAELE SUB-OBJECTIVES: 
LA-1 Determine t h e  t o t a l  quan t i ty  and d i s t r i b u t i o n  of t h e  coqonenc  
species  of t h e  luna r  atmosphere. 
LA-3 Monitor atmospheric contamination r e s u l t i n g  from lunar  miss ions 
including t r a n s p o r t  and escape r a t e s .  
This experiment w i l l  provide a minor unique con t r ibu t ion  i n  
defining the lunar  atmosphere bu t  w i l l  provide a major po r t ion  of' the 
eontamination aspect .  
OBSERVATION REQUIREMENTS: 
E s t a b l i s h  influence of Base on t h e  luna r  atmosphere by  t h e  concurrent 
measurement--in four  places-- of t h e  absolu te  pressure  and atmospheric 
cons t i tuen t s  f o r  a t o t a l  pe r iod  of 2 months. Beyond t h a t  range of inf luence ,  
t h e  four  concurrent readings ( ~ r e s s u r e  and composition) s h a l l  be recorded 
over t h e  pe r iod  of one e a r t h  year.  
Pressure/conrposition recording time p e r  s e  i s  not considered s ince  
remote recording/display i s  required.  One sample p e r  5 minutes i s  requi red  
f o r  both  pressure  and each cons t i tuent .  
Within t h e  e s t ab l i shed  range of base inf luence  f o u r  p a i r s  of instarmeats  
a r e  requi red  t o  continue t h e  monitoring of t h e  e f f e c t  of t h e  Tug landings and 
t h e  Base i t s e l f  on t h e  luna r  atmosphere. 
EQUIPMENT REQUImD: 
Equipment No. Equipment Name 
Ion iza t ion  Pressure Sensor 
Mass Spectrometer 
Mass Spectrograph ( ~ u a d r u p o l e )  
B-89 
SD 71-47? 
E3C;PERmm ID NO. : 4053 
EQUIIPmNT REQUIRED : (continued) 
Avg. mr. (watts)  - 12 -48 
Weight ( l b s )  - 244.8 
Volume (eu f t )  - 5.728 
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D I S C I P L m :  Lunar Atmospheres 
EXERImNT I D  NO. : 40.55 
mPERIMENT TITLE : Escape and Transport Rates 
APPLICABLE SUB-OBJECTTVES : 
LA-2 Determine t he  p r inc ipa l  na tu ra l  atmospheric source, l o s s  and 
t ranspor t  mechanisms and t h e i r  r a tes .  
LA-3 Monitor atmospheric contamination resu l t ing  from lunar missions 
including t ranspor t  and escape. r a t e s .  
This experiment w i l l  be a major contribution t o  these  sub- 
objectives requirements which a l s o  include t he  observations from an 
o rb i t ing  vehicle. 
OBERVATION REQUIREMENTS: 
Known times of addit ions t o  the  lunar  atmosphere; e.g., ~ u g l ~ a n d e r  
descent or control led  re leases  w i l l  d i c t a t e  many of the  times of occurrence 
of t h i s  experiment. Observation of the  t ranspor t  mechanism of the  na tu ra l  
lunar atmosphere w i l l  be keyed t o  na tu ra l  events (flmaroles). Observing t he  
natura l  occurring atmosphere w i l l  not be so  time c r i t i c a l  but w i l l  be more 
demanding because of s ca r c i t y  and moon perturbations.  The samples re lease  
should be performed remotely t o  avoid i n t e r ac t i on  of excess gases i n  t he  
v i c i n i t y  of the  sample. The observations require long duration recording 
(remotely) t o  accurate ly  record the  f u l l  escape his tory ,  e spec ia l ly  of t he  
na tu ra l  occurring lunar  events. 
EQUIPmNT REQUIRED : 
Equipment Name 
Mass Spectrometer ( ~ i r e c t i o n a l )  
Supra Thermal Ion Detector 

D I S C I P L m :  Geology and Geochemistry 
mPER'mNT I D  NO. : 4057 
mPERJmNT TITLE: In-Situ Measurement of the  Natural Radiation Spectrum 
APPLICABLE SUB- OBJECTIVES : GG-2, GG-4 
This experiment w i l l  'be a minor contribution t o  determining 
the  chemical nature of lunar  material  (GG-2) and t he  nature of 
chemical d i f f e r en t i a t i on  of the  lunar c rus t  and r e l a t ed  long term 
geologic processes (GG-4) . 
OBSERVATION REQUIREMENTS: 
Natural and induced gamma radia t ion from surface materials a t  
d i f fe ren t  lunar locations and on rover t raverses .  The locations,  of all 
areas from which readings have been taken w i l l  be recorded. 
Gamma Spectroscopy on Traverses: During a l l  rover t raverses ,  t he  
scintillation detector and pulse height analyzer (gamma ray  spectro- 
meter) w i l l  monitor t he  d i s t r i bu t i on  i n  the  lunar crus t  of gamma ray  
emitting radionuclides--primarily uranium, thorium and potassium and t h e i r  
decay products. Pulse height analysis  w i l l  be used t o  determine t he  gamma 
ray f lux vs. energy spectrum of spec i f ic  materials t o  be analyzed. The 
energy spectra  a re  then compared t o  the  known spectra  of the  nuclides t o  
iden t i fy  consti tuents.  
This experiment w i l l  be performed continuously (300 t o  800 times) during 
rover t raverses .  A t  locations of anomously high radioact ivi ty ,  s tops w i l l  be 
made f o r  de ta i l ed  analysis  of the  gamma ray  s9ectra  of t he  l oca l  s o i l  or rock. 
This must be done before or  concurrently with any experiment making use of 
radioactive sources. 
EQUIPMENT REQUIRED : 
11005 Gamma Ray Spectrometer 
Avg, P6Jr. (watts) - 10 
Weight (lbs) - 85 
Volume (eu ft ) - 2 













































































































































































































































































EXPE3I I D  NO. : 4058 
EXPERIMENT TITLE: Magnetic Prof i l ing  
APPLICABLE SUB-OBJECTIVES : GP-2 GG-1, GG-2, GG-4 
This experiment w i l l  contribute t o  the  accomplishment of ail 
geology and several  geophysics sub-objectives. It will especia l ly  
contribute toward the  in te rpre ta t ion  of lunar surface features  (@6-11, 
physical  s t a t e  and composition of the  i n t e r i o r  (GP-2), and the  
physical  prager t ies  of lunas materials  (GG-2) . 
OmERVATION REQUIREWTS : 
Local and regional  magnetic anomalies measured as horizontal  var ia t ions  
i n  i n t ens i t y  and po l a r i t y  on the  1una.r surface. This experiment i s  designed 
t o  obtain magnetic p rof i l es  across spec i f ic  geologic features ,  and durirng 
other rover t raverses  t o  obtain information on hidden magnetized 
bodies. It i s  t o  be performed concurrently with g rav i ty  p rof i l ing ;  and i i n  
areas of spec ia l  i n t e r e s t ,  seismic sounding experiments 
may a l s o  be performed t o  a i d  i n  in te rpre ta t ion  of t he  magnetic and grav i ty  
data. 
Procedure 
The experiment w i l l  be performed on rover t raverses  with a boom 
mounted 3 component f luxgate magnetometer and a proton precession magneto- 
meter. Readings w i l l  be taken under sh i r t s leeve  conditions a t  in te rva l s  ranging 
from 1 km f o r  regional  s t ructures  t o  20 meters f o r  locat ion of smaller s t ruc tures ,  
More de ta i l ed  t raverses  may be performed on foot .  
A t o t a l  f i e l d  magnetometer w i l l  be operated a t  t he  LSB t o  provide 
secular  data f o r  correction during data analysis .  
EQUIPmNT REQUIRED: 
Equipment Name 
15021 Fluxgat e Magnetometer (on traverse) 
15822 Proton Precession Magnetometer 
Avg. Pwr. (watts) - 5.0 
Weight (lb) 17.2 
Volume (cu ft ) 0.95 
























































































































































































































DISCIPLINE : Geophysics 
mPERIMENT I D  NO. : 4059 
mPERIIVIENT TITLE : Geophysical Bore Logging 
kiPPLICABLE SUB-OBJECTIVES : GG-2, GG-6, GP-2 
This experiment w i l l  contribute moderately t o  determining t he  
nature of lunar  surface materials  (GG-2) and w i l l  be a s i gn i f i c an t  
a i d  i n  geologic mapping and cor re la t ion  of buried near surface geologic 
un i t s  (GG-6). It w i l l  be a minor contributor t o  GP-2, determining t he  
physical  s t a t e  and composition of t he  lunar  i n t e r i o r .  
OBSERVATION REQUIREMENTS: 
E l ec t r i c  r e s i s t i v i t y  by dry hole r e s i s t i v i t y  sonde using mult iple 
electrodes,  wetted with l i q u i d  e lec t ro ly te .  Density by gamma ray  bombardment 
i n  which back s ca t t e r ed  gammas a r e  proport ional  t o  rock density.  Water, i c e ,  
or other hydrogenous matters 'by neutron bonibardment, i n  which f a s t  neutrons 
(energies > 0.025 ev) a re  absorbed i n  porous zones f i l l e d  with hydrogenous 
matter. Magnetic s u s c e p t i b i l i t y  by ac induction probe. Permi t t iv i ty  by 
induction. 
Procedure: These sensors and energy sources can be assenibled i n  one or two 
sondes f o r  lowering down boreholes. Automatic readout w i l l  be recorded o r  
transmitted as the  probe i s  r a i s ed  slowly from the  botton. Data w i l l  be 
p lo t t ed  and analyzed as a function of depth. 
EQUIPMENT REQUIRED: 
Equipment Name 
11079 Down-hole Geophysical Probe 
Avg. Pwr. (watts)  - 34 
Weight ( l b s )  - 57 
Volume (cu f t )  - 4 
































































































































































































































DISCIPLINE: ~ e o l o ~ y / ~ e o ~ h y s i c s  
a E R I M E N T  I D  NO. : 4060 
mERmNT TITLE: Mineralogic Analysis i n  Lab 
BPPLICBLE SUB-OBJECTIVES: GG-2, 4, 6, 7, and 8 
Iden t i f i ca t ion  of the  minerals and the  determination of t h e i r  
associa t ion with other minerals w i l l  make major contributions toward , 
these  sub-objectives. 
OBSERVATION REQUll33MENTS: 
The astronauts w i l l  be working with samples col lected i n  the  f i e l d .  
They w i l l  be required t o  prepare samples f o r  analysis  by making t h i n  sec.tionc 
2nd powder mounts of each sample. Standard petrographic analysis  techniques 
- 
will be employed i n  t he  microscopic analysis .  The X-ray analysis  i s  a 
matter of making the  exposure and reading t he  film. Where deemed necessary, 
samples can be returned t o  ea r th  f o r  de ta i l ed  analysis .  
REQUIRED : 
Equipment Name 
50006 Sample Preparation Equipment 
11096 X-Ray Diffractometer 
90008 Petrographic Microscope 
Avg. Pwr. (watts)  - 10 - 500 
Weight ( l b s )  - 77.6 
Volume (cu f t )  - 24.05 


















































































































































































DISCIPLINE: ~ e o l o ~ y / ~ e o c h e m i s t r y  
mPERIMT ID NO. : 4061 
mPERmNT TITLE: Instrumental Chemical Analysis i n  Lab 
APPLICBLBU SUB-OBJECTNES: 
GG-2 Determine t he  physical  mineralogical and chemical proper t ies  
of lunar materials .  
The nondestructive chemical laboratory analysis  of lunar materials  
i s  a major contributor t o  t h i s  sub-objective, although the  laboratory 
analyses may be performed i n  g rea te r  d e t a i l  on ear th ,  as required, 
with returned samples. 
GG-4 Study t h e  e f f ec t s  of ancient or  long-term geologic processes. 
This experiment w i l l  allow invest igat ion of chemical d i f fe ren t ia t ion  
of lunar c rus t  as r e l a t ed  t o  long-term processes and, therefore,  w i l l  be 
a major contributor t o  t h i s  sub-objective. 
GG-6 Construct geologic maps of the  lunar surface,  delineating 
l i t ho log i c  contacts,  t ec ton ic  s t ruc tures ,  physiographic and 
petrographic provinces. 
The i den t i f i c a t i on  of chemical elements from d i f fe ren t  lunar  
regions w i l l  e s tab l i sh  t he  degree of chemical d i f fe ren t ia t ion  and a i d  
i n  t he  del ineat ion of regional  differences and thus be a major 
contributor t o  t h i s  sub-objective. 
66-7 Determine t he  nature of morphologic differences between the  
near and f a r  s ide  of the  moon. 
This experiment w i l l  support t h i s  sub-objective only i n  a 
minor way since samples from opposite s ides  of t he  moon w i l l  be 
col lected only on OLS-Tug so r t i e s  and probably be analyzed on ea r th  
o r  a t  bes t  very infrequently a t  t he  LSB. 
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GG-8 Locate geologically favorable s i t e s  f o r  advanced lunar 
exploration/exploitation s c i e n t i f i c  f a c i l i t i e s .  
Samples brought from other lunar surface locations t o  the  
LSB lab may, upon chemical analysis ,  be of unusual i n t e r e s t  and 
gross ly  d i f fe ren t  from loca l  samples and, thereby, provide some 
motivation f o r  es tabl ishing a new exploration s i t e .  Therefore, t h i s  
experben t  w i l l  provide a maj or contribution toward meeting t h i s  sub=- 
objective. 
OBSERVATION REQUIREMENTS: 
The chemical analysis  of lunar samples i n  the  LSB laboratory involves 
measurements using neutron act ivat ion,  gas chromatography, mass spectroscopy, 
X-ray spectroscopy, I R  spectroscopy, and W spectroscopy. 
Activation analysis  with a neutron act ivat ion analyzer consists  of 
the  i r r ad i a t i on  of a sample of lunar material  with f a s t  neutrons from a 
f a s t  neutron generator, which typ ica l ly  might be a posi t ive  ion Cockcroft- 
Walton accelerator with e i t he r  a t r i t i um t a rge t  producing 14 Mev neutrons 
or a deuter iumtarget  producing 3 Mev. The f a s t  neutron f l ux  through (n ,  -p) 
reactions produces gamma rays of energies charac te r i s t i c  of the  elemental 
composition of each lunar sample. The g m a  rays are  detected t yp i ca l l y  with 
a N ~ I ( T ~ )  s c i n t i l l a t i o n  c ry s t a l  and t h e i r  energies determined i n  a pulse 
height analyzer. A l ayer  of para f f in  between the. neutron source and the  
sample w i l l  provide neutron moderation resu l t ing  i n  thermal neutrons, which 
when absorbed by the  lunar sample w i l l  re lease  capture ga.mma spectra  of 
d i s t inc t ive  charac te r i s t i cs  and allow addi t ional  means of element iden t i f i ca t ion ,  
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A gas chromatograph w i l l  be used f o r  analyzing s o l i d  luna r  samples 
which have f i r s t  been v o l a t i l i z e d  i n  dn oven. The sample vapors a r e  c a r r i e d  
through t h e  absorbing-desorbing column by  a  c a r r i e r  gas ( t y p i c a l l y  ~ e ) .  
Afte - a s u f f i c i e n t  length  of flow t h e  components a r e  separa ted  spatially 
and zach component may be i d e n t i f i e d  by a  glow discharge de tec to r  whose 
sex:, x e d  d i f ferences  i n  breakdown voltage were a  funct ion  of t h e  i d e n t i f y  
.k t 12 i s o l a t e d  componen-c of t h e  luna r  sample. 
>$ mass spectrometer w i l l  be used f o r  t h e  compositional ana lys i s  of 
o c l h , ~  s ~ r f a c e s  and l aye r s  below, but  near t h e  sur face .  A spu t t e r - ion  
allow; ~ o a r k a y e r s  t o  be removed from t h e  sample f o r  analys is  and 
,r 1s z s t a b i i s h  change of composition wi th  depth. A magnetic mass analyzer  
...r .rae LSB l abora to ry  w i l l  be used wi th  a  r e s o l u t i o n  intermediate between 
shcs 2 of earth-based l abora to r i e s  and those  of f l i g h t  hardware (e .  g. ,  i n t e r -  
:,,eciLcsLe -values might be a  r e so lu t ion  of 1000 and a  s e n s i t i v i t y  of p a r t s  pe r  
i n  An e l e c t r o n  m u l t i p l i e r  type of ion  de tec to r  w i l l  g ive  adequate 
s e n s i t i v i t y .  
An X-ray spectrometer,  including an X-ray source, w i l l  be used t o  
i d e n t i f y  elements and measure compositions i n  luna r  samples brought i n s i d e  
t h e  LSB labora tory .  An X-ray Coolidge tube type source i r r a d i a t e s  t h e  t e s t  
sample which f luo resces  X-rays i n  a l l  d i r ec t ions .  A mul t ip le  f i x e d  
d ispers ive  channel system i s  used t o  separa te  t h e  X-rays according t o  wave- 
length.  Each channel cons i s t s  of a  col l imator ,  r e f l e c t i n g  c r y s t a l  and 
de tec to r  o r i en ted  a t  t h e  appropr ia te  Bragg angle t o  de tec t  t h e  p a r t i c u l a r  
intended wavelength i n t e r v a l  of X-rays. 
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An i n f r a r e d  spectrometer system w i l l  be used t o  analyze lunar  samples 
by both absorpt ion and r e f l e c t i o n .  The source of i n f r a r e d  r a d i a t i o n  i s  
t y p i c a l l y  a Globar (bonded s i l i c o n  carbide rod) o r  a Nernst glower (bonded 
mixture of r a r e  e a r t h  i n  rod form) heated t o  1 0 0 0 ~  t o  1200' K w' i t h  an 
e l e c t r i c  cu r ren t .  Dispersion i s  a.ccomplished i n  prisms. The sample-transmitted 
and sample - reec ted  r ad ia t ions  a r e  sensed by  i n f r a r e d  de tec tors  ( thermis tor  
or  photocel l )  followed by s i g n a l  amplif ica , t ion  as  required.  To provide 
sensing across  t h e  d ispersed  wavelengths i n  both  t ransmission and r e f l e c t i o n ,  
a scanning and beam-spli t t ing system i s  required.  Samples f o r  absorpt ion 
s p e c t r a l  measurements may be powdered and pressed  i n t o  KBr p e l l e t s ,  S m p l e s  
f o r  r e f l e c t i o n  spectra .1 measurements a r e  prepared wi th  pol i shed surfaces  
from lunar  mineral powders formed i n t o  b r ique t s  bound by Luci te ,  
The IR wavelength-integrated r e s u l t s  from t h i s  experiment w i l l  be 
compared wi th  t h e  measurements of t h e  IR emiss iv i ty  and r e f l e c t i v i t y  i n  s i t u  
i n  Experiment No. 4063. Optics f o r  JR experiments w i l l  be NaCl from 2 t o  15 
microns and interchanged with KBr t o  extend wavelength i n t e r v a l  t o  2 , 5  mL 1c? rons . 
Replacement of g ra t ings  with prisms w i l l  extend opera t ion  . to  400 microns, 
U l t r a v i o l e t  absorpt ion measurements of luna r  samples w i l l  a.ls o be made 
i n  t h e  LSB labora tory .  A continuous spectrum UV l i g h t  source w i l l  be 
provided. A high r e s o l u t i o n  monochromator with good l i g h t  ga ther ing  power 
without excessive t ransmission l o s s  i s  required.  Quartz opt ics  a r e  t o  be used. 
EQUIPMENT mQUIRED: 
Equipment No. Equipment Name 
11086 Neutron Act iva t ion  Analyzer 
14018 Gas C hromat ograp h 
14026  ass Spectrometer 
11114 X-Ray Spectrometer (with source)  
I R  Spectrometer (wi th  source)  
W Spectrometer (wi th  source)  
ii : ( continued) 
Avg. Pwr. (watts) - 0.3 - 25 
Weight ( l b s )  - 228 
Volume (cu f t )  - 5.8 






























































































































































































































































































BFSCSPLIm: Engineering, Technology and Operations 
mPERImNT I D  NO. : 4064 
mERImNT TITLE: Biological Monitor and Eco-System Prototype 
ET-2 Verify performance of a long-duration l i f e  support system. 
This experiment i s  a major a c t i v i t y  of t h i s  sub-objective s ince  
it w i l l  enable evaluation of a working, closed ecology model. 
This experiment i s  t o  be conducted within a greenhouse. An atmosphere 
i s  required and a l l  elements of the  experiment require exposure t o  the  same 
st:mospbere, Five experiments (4064, 4065, 4066, 4067 and 4068) w i l l  be 
- 
irlcludecl within t he  environment; a l l  a re  required t o  enable t he  closed system 
evaluation. Atmospheric pressure, temperature, moisture and consti tuent 
moni to r iag  are  required. The animal port ion of the  experiment requires 
~o:~-i; leol f t he  food and water t he  animals ea t ,  t h e i r  waste products, the  
measurement of t h e i r  physiological charac te r i s t i cs  (body temperature, 
r esp i ra t ion  analysis) ,  and animal autopsies. The measurements are  t o  be 
performed daily.  The duration i s  expected t o  be a t  l e a s t  one year. An 
iden-i;ieal closed Ecological System on ear th  i s  required f o r  comparative 
-p~:r-pos es , The above w i l l  enable evaluation of t h e i r  growth, development, 
reproduction, and survivabi l i ty .  
Equipment Name 
90021 Biological Monitor and Ecological Experiment Equipment 
Avg. Fwr. (watts)  - 50 
Weight ( l b s )  - 22 
Volume (cu f t  ) - 1.7 
Data Rate (BPS) - N/A 

DISCIPLINE : Engineering, Technology and Operations 
~PERIMENT ID NO. : 4066 
mPERIMENT TITLE: Effects  of Lunar Conditions on Plants 
ET-2 Verify a long-duration l i f e  support system. 
This experiment w i l l  ve r i fy  the  plant  growth charac te r i s t i cs  
on the  moon f o r  acquis i t ion of p lant  data and projection of t h a t  data 
t o  the  closed ecological  system and provides a moderate contribution 
toward meeting t h i s  sub-objective. 
CBSERVAT ION REQUIREMENTS : 
The e f f ec t  of t h e  lunar  g rav i ty  and ionizing radia t ion on barley,  beans, 
corn,  tornatoes w i l l  be observed and photographed. Both lunar  s o i l  and hydro- 
ponic farming methods w i l l  be evaluated. This experiment w i l l  continue t h a t  
which is  being evaluated i n  an ear th  environment. A concurrent control  
experiment w i l l  be i n  progress. 
The plants  w i l l  be physically evaluated photographically with a g r i d  
f o r  d-imensions and l iminal  angles and micrographically f o r  minute s t ruc ture  
comparisons (h i s to log ica l ) .  
A chemical analyzer w i l l  u t i l i z e  gas chromatography and a parafine 
oven f o r  amino acids,  carbohydrates, sugars, acids. The growth, development, 
reproduction, and surv ivab i l i ty  of the  plants  w i l l  be determined. 
EQUDrnNT REQUIRED : 
Equipment Name 
90022 Plant  Life  Experiment Equipment 
Avg. Br. (watts)  - 10 
Weight ( l b s )  - 1034 
Volume (cu f t )  - 4 
Data Rate (BPS) - N/A 
B-112 

DISCIPLINE : Engineering, Technology and Operations 
mmXIMENT I D  NO. : 4071. 
mI"EIImNT TITLE: Tests  of Thin Fi lm Bearings 
rnPLICABLF: SUB-OBJECTIVES : 
ET-3 E f f e c t s  of long dura t ion  exposure of equipment mater ia ls  t o  
t h e  luna r  environment. 
This w i l l  provide a major cont r ibut ion  t o  t h e  sub-objective 
s ince  it w i l l  be a t e s t  of equipment i n  t h e  luna r  environment t o  
understand lunar  unique problems of machinery. 
DBERITATION REQUIREmNTS : 
Bearing wear w i l l  be measured (photographically and phys ica l ly)  t o  
evalua te  t h e  performance of candidate t h i n  f i l m  bearings.  An e l ec tF ica l ly  
driven s h a f t  w i l l  hold f i v e  bear ing  samples and t h e  response of t h e  
d i f f e r e n t  samples t o  one load  w i l l  be observed. Setup requi res  i n s t a l l a t i o n  
of the bearings on t h e  s h a f t  and loading t h e  s h a f t .  The " t e s t "  involves t h e  
running time of t h e  s h a f t  while t h e  evalua t ion  r equ i re s  v i s u a l  in spec t ion  
and measurement-wear spo t s ,  c h a r a c t e r i s t i c s  of wear-prior t o  resuming t h e  
test or  dismantling. 




90323 Thin Fi lm Bearing Experiment Equipment 
Avg. Pwr. (watts)  - 200 
Weight ( l b s )  - 22 
Volume ( c u f t )  - .35 
Data Rate (BPS) - N/A 

DISCIPLINE: Engineering, Technology, and Operations 
mPmWNT I D  NO. : 4074 
mPXWWNT TITLE : ~in ing /Transpor t  of Lunar Materials 
SUB-OBJECTI'VES : 
ET-4 Support the  extract ion of water from 1una.r 
mater ia ls .  The present experiment w i l l  be a major 
contribution toward meeting t h i s  sub-objective. 
T: 
The exact nature of t h i s  experiment i s  dependent upon the  discovery 
of vater  on the  Moon and the  s t a t e  of t h a t  water. I f  the  water 
occurs i n  a na tura l  s t a t e ,  i . e .  a  mixture, then transporting it w i l l  have 
t o  include an enclosed leak proof volume fo r  holding the  material  during 
t ranspor t  and storage. (1 t  i s  assumed t h a t  surface mater ia l  w i l l  not con- 
tain water which can be ea s i l y  extracted,  thus mining i s  directed toward 
sub-surface mater ia l ) .  Tkne lunar mater ia l  w i l l  be t es ted  f o r  so lub i l i t y  
i n  a l iquid  f o r  application of a Frasch-type mining technique. ( l )  severa l  
smpPes of each dater-bearing rnaterial d i l l  be prepared t o  be analyzed f o r  
s o l u b i l i t y  according t o  l iqu id ,  temperature of l iquid ,  mixture of' l i qu id .  
The t ranspor ta t ion of t he  mater ia l  i s  dependent upon the  type of mining 
and whether a continuous o r  batch method i s  required. The continuous method 
requisies storage f o r  quan t i t i es  of lunar materials  as well as  protection.  
The experiment involves evaluation of protective a l t e rna t e s  f o r  t he  mined 
ma+*erials; i.e., open, covered, sealed, pressurized. 
(1) NASA CR77720, "A Study of Lunar Resources," 22 May 1965, 
































































































































































































































































































































3ISCIPLINE: Engineering, Technology, and Operations 
EXPERIMENT ID NO.: 4078 
EXPERIMENT TITLE: Lunar S t r a t a  Electromagnetic Propagation Parameters 
..wPLICABLE SUB-OBTECTIVES : 
ET-3 Support t h e  cons t ruc t ion  of a lunar  astronomical observatory. 
The experiment w i l l  be a minor cont r ibutor  t o  t h e  sub-objective 
s ince  i s o l a t i o n  methods can 'be applied.  
OEEEKVATION REQUIREMENTS : 
Exis t ing  core hole - geologic surveys - w i l l  be u t i l i z e d  t o  def ine  t h e  
composition of t h e  subsurface.  Addit ional  holes w i l l  be d r i l l e d  i n  conjunction 
with soil composition changes t o  inves t iga te  t h e  e f f e c t  of t h e  luna r  s t r a t a  
on c o ~ m n i c a t i o n  between two po in t s  f o r  t h e  s i g n i f i c a n t  l e v e l s   a ask 1 ) .  
Tne procedure i s  t o  sweep a power and frequency range t o  e s t a b l i s h  a 
s a t j s f a c t o r y  combination, i f  any ( t a sks  2 and 3) .  Once es t ab l i shed ,  t r a n s -  
mission q u a l i t y  may be observed. Three l e v e l s  p e r  d r i l l  holes a r e  included. 
EQUTPKENT REQUIRED : 
Equipment Name 
go024 Lunar S t r a t a  E. M. Propagation Experiment Unit 
Avg. Pwr. (wa t t s )  - 250 
Weight ( l b s )  - 6.6 
Volume (cu  f t )  - 0.5 
Data Rate (BPS) - TBD 

:DISCLPLIN3: Engineering, Technology, and Operations 
% X F E R W T  ID NO: 4079 
TCXPERTmT T1TL;E: Lunar Surface Transmission Line Interactions 
APPLICABLE SLTBOBJECTIVXS : 
Support the construction of a lunar astronomical 
observatory. This experiment should satisfy the 
requirements completely. 
Determine lunar surface and near-surface electrical 
properties. The experiment will make a moderate 
contribution to this subobjective. 
,;7--- J:&r'iON Kr,EUIRErnS : 
The interaction between the lunar surface and electrical transmission 
~--,.ie romponents (supports, insulators, lines and terminal equipment) will be 
i.laresi;igated, The componentsQerfo~nance will be evaluated for shape, 
pl~xface (lunar surface) finish, and material for best heat rejection. The 
L-~eriolent setup involves site selection and preparation, line and components' 
;'":up, sti-mulus and instrumentation hookup. Varying the components, type or 
arr,znbement will be a manual function; data recording for analysis is required 
ac the Base, The experiment itself involves evaluation of power transmission 
Eats transmission and F3' transmission. The experiment may be conducted in the 
three areas concurrently and will require a f'ull lunar day. (28 earth dws) at 
each site. 
Equipment No. 
- Equipment Nme 
900'25 Lunar Surface Transmission Line Ekperiment Equipment 
~vg. ha=. (watts) - N/A 
Weight (lb) - 4.4 
Volume (cu ft) - 0.17 






DISCIPLIXE : Engineering, Technology, and Operations 
EXPERIbIENT ID NO: 4081 
EXPERIMENT TITLE: Heat Transfer i n  Liquids through Natural Convection 
ET-4 Support t he  ext ract ion of water and owgen from lunar  
materials .  The experiment w i l l  make a major contribu- 
t i o n  t o  t h i s  subobjective. 
FT-5 Support the  processing o r  storage of propellants .  This 
experiment w i l l  provide a minor port ion of the  in fom-  
a t ion  required t o  s a t i s f y  the  subobjective. 
C FSERS'ATI OTS EIEQUImMEmS : 
It i s  intended t o  derive heat  t r an s f e r  coef f i c ien t s  within l i qu id s  
z t d  bet+reen l iqu ids  a d  container walls.  The experiment is  a.n instrumented 
cj2.indrica.l container with e lec t r ica l .  heater .  Data requirements a r e  i n  the  
I O ~  of t h e m c o u p l e  readout and motion p ic tu re  photography of suspended 
x-ir-tLcles. The experknent may be conducted ins ide  the  base laboratory.  
.- 
1 / Equipment Name 
9~325 Liquid Heat Transfer Experiment Equipment 
Avg . Pwr. (wat ts )  - negl ic ib le  
Weight (1%) - 15.4 
Volume (cu f t )  - 0.17 
Data Elate (BPS) - N/A 

DISC1Er l ;m : Engineering, Technology, and Operations. 
T D .  NO.: 4082 
Heat Transfer in Film and Drop Condensation 
Processes 
Support the extraction of water or oxygen from lunar 
materials 
ET-5 Support the processing or storage of propellants. 
This experiment provides a portion of the information , 
required to satisfy these subobjectives. 
C=ERVATSOll REQUIREMENTS : 
Iieat transfer and condensation characteristics will be observed. A 
smt;J.L vessel, ~5th a controlled electric heater, will be used to heat a 
metered quantity of vapor (from the test liquid) and fed into a condenser. 
The wmt  and rate of condensation will be monitored by nuclear trace tech- 
niques, while the temperatures wlll be monitored by thermocouples. 
EQ'iJl REQUIRED : 
Equipment Name 
90027 Film and Drop Heat Transfer lkperiment Equipment 
Avg. Pwr. (watts) - negligible 
Weight (lb) - 6.6 
Volume (cu ft) - 0.70 
Data Rate (BPS) - N/A 

DESCIPLm : Engineering, Technology, and Operations 
m NO. : 4084 
m m R I M T  Tim: Metals Joining Techniques 
APPLICABLF: SUEKBTECTIVES: 
ET-6 Support the construction of a lunar astronomical 
observatory 
ET-7 Support the utilization of lunar materials (resources). 
This experiment provides a moderate contribution of 
information to the subobjectives. 
OE3SERrlATSOPI F3QUIrnrnTS 
This eqeriment utilizes an electron beam welding machine and will 
evalusde (I) loss of weld materials by vaporization, (2) pattern of vapor- 
izxt isn,  (3) quantities and pressures of inert gases required to direct 
metd flow. 
bud,UZ.PlWT REQUIRED : 
Equipment Name 
90028 Metal Joining Experiment Equipment 
Avg. hr. (watts) - 1800 
Weight (lb) - 44.0 
Volume (cu ft) - 1.7 







































































































DISCIPLINE: Engineering, Technology, and Operations 
mPERImm TITLE: D i f f e r e n t i a l  Thermal Analysis of P o t e n t i a l l y  Castable 
Materials  
APPLICABLE SUB-OBJECTTVES: 
ET-7 Support t h e  u t i l i z a t i o n  of lunar  materials  (resources) .  
This experiment w i l l  provide a major contr ibut ion t o  t h e  
u t i l i z a t i o n  of lunar  mater ia ls .  
The observation object ive i s  melting temperature of lunar  mater ia ls .  
T - i s  eqe r iment  i s  performed ins ide  t h e  Base. The procedure u t i l i z e s  
iden t i2 iea t ion  of the  samples, experiment no. 4038. Samples a r e  placed i n  
dif'f e r en t i i a l  thermal analyses c e l l s  and heated, cooled, cycled or  maintained 
b y  3 Thermal Analyzer. Thermomechanical proper t ies  v a r i a t i o n  with time and 
temperature a r e  a l s o  observed. The v o l a t i l e s  from t h e  mater ia ls  a r e  condensed 
f o r  the analys is .  This may l ead  t o  i d e n t i f i c a t i o n  of lunar  materials  worthy 
of f u r t h e r  evaluation of the  construction q u a l i t i e s  of the  mater ia ls .  
EQU$i?mNT REQUIRED: 
Equipment Name 
90029 D i f f e r e n t i a l  Thermal Analysis Experiment Equipment 
Avg. Pwr. (wat ts )  - 2.0 
Weight ( l b s )  - 11.0 
Volume (cu f t )  - 3.5 
Data Rate (BPS) - N/A 

DISC1PLI;NE: Engineering, Technology, and Operations 
~ E R I ~ N T  ID NO,: 4086 
mPERIml\TT TITLE : Cha.racteris t i c s  of Lunar Ores --Self Welding 
APPLICKBLE SUB-OBJECTIVES : 
ET-7 Support t h e  u t i l i z a t i o n  of lunar  mater ia ls  ( resources) .  
This experiment w i l l  cont r ibute  maj o r  information toward t h e  
u s i l i z a t i o n  of a  lunar  mater ia l ,  s ince  it w i l l  p o t e n t i a l l y  use luna r  
ma te r i a l  i n  a lunar  s t r u c t u r e .  
The change i n  t h e  cohesive c h a r a c t e r i s t i c s  of luna r  mater ia ls  w i l l  be 
evs iua tcd  a f t e r  being f r e s h l y  broken. The mater ia ls  may be obtained from 
. - 
su:rfaee modif icat ion of seismic s i t e s .  The procedure r equ i re s  t h e  f i l l i n g  
and compactin?g of c y l i n d r i c a l  specimen molds wi th  uniform s i z e  granules 
of r a t e r i a l .  Severa l  molds - each with a  d i f f e r e n t  s i z e  granule - w i l l  be 
fllled, The cyl inders  w i l l  be subjec ted  t o  time sequenced load  t e s t s  t h e  
day t h e  samples a r e  acquired. The t e s t s  a r e  t o  be repeated once a day a t  
one week and a t  two-week i n t e r v a l s  t o  e s t a b l i s h  a  change i n  cohesion wi th  
tinne, The t e s t  must be performed outside t h e  Base. 
Cohesion i s  of importance s ince  reduction of it a f f e c t s  t h e  performance 
o f  ex t rac t ion ,  screening and crushing operations while increased  cohesion 
i s  des i r ab le  f o r  f i l l  o r  handling operat ions.  
Equipment Name 
90030 Ore Compaction Equipment 
Avg. Pwr. (wat ts )  - N/A 
Weight ( l b s )  - 11.0 
Volume (cu f t )  - 0.1 
Data Rate (BPS) - N/A 

D:LSCIPLDLE: Engineering, Technology, and Operations 
mPERDENT I D  NO. : 4087 
XXERIPJENT TITLE : Lunar Dry Cement and Concrete Applicat ions 
mPLIC;FaBLE SUB-OBJECTNES: 
1 3 ~ ~ 7  Support t h e  u t i l i z a t i o n  of luna r  ma te r i a l s  ( resources) .  
This experiment i s  a major con t r ibu to r  toward meeting t h e  
sab-object ive.  
O3SERVAT ION FE(;i[JIREmTS : 
Pu:rose i s  t o  develop and apply an approach t o  combining f i l l e r s  and 
i : > ~ d e r s  In physical-thermal-chemical processes t o  form a luna r  concrete.  
.,4 :antlidate process uses ash,  pumice and c l inke r s  a s  f i l l e r ;  sulphur as  a 
kinder; and exo-thermic r eac tan t  add i t ives  f o r  s e t t i n g .  Once a l u n a r  concrete 
i s  i d e n t i f i e d ,  app l i ca t ions  t o  foundations,  form cas t ing ,  cementing of 
c e s t  o r  n a t u r a l  block mater ia ls  and sea l ing  and calking w i l l  be assessed.  
This experiment s h o u l d b e  performed a f t e r  s i t e  analyses f o r  geologic 
p'ur-poses. 
Evaluat ion of t h e  app l i ca t ions  requi res  analys is  of t h e  forms a f t e r  




90031 Lunar Dry Cement and Concrete Experiment Equipment 
Avg. Pwr. (watts)  - 350 
Weight ( l b s )  - 240 
Volume (cu f t  ) - 35 


































































































































































DISCIPLINE : Geophysics 
T TITLE: Determination of Near Surface Temperature Gradient 
f o r  Heat Flow Studies  
APPLICABLE SUB-OBJECTIVES: 
Successfu l  determina.tion of lunar  hea t  flow w i l l  'be a major 
con t r ibu t ion  t o  a.n understanding of i n t e r n a l  dynamic processes i n  
the  moon (GP-3, GG-3) and, i n d i r e c t l y ,  w i l l  provide important clues 
t o  t h e  moon' s i n t e r n a l  c o n s t i t u t i o n  (GP-2) . 
I n  p lane ta ry  bodies such as  t h e  moon, i n t e r n a l  hea t  i s  presumed 
due t o  (1) energy r e t a i n e d  from i n i t i a l  formation, a.nd (2)  energy 
generated from i n t e r n a l  processes such as  radioact ive  decay. 
- 
B3cause of t h e  moon's smal ler  s i z e ,  it i s  probable t h a t  it has l o s t  
a g r e a t e r  percentage of i t s  o r i g i n a l  heat  than  has t h e  ea r th .  
Consequently, sur face  heat  flow probably r e s u l t s  more from dynamic 
i 2 t e r n a l  processes d i s t r i b u t e d  throughout t h e  moon' s volume and, 
t l ieref ore,  could y i e l d  more information about i t s  i n t e r n a l  
c o n s t i t u t i o n  than  t e r r e s t r i a l  measurements y i e l d  about t h e  ea r th .  
OBSERVATION REQUIREMENTS: 
The experiment determines near sur face  heat  flow a t  a poin t  on t h e  
moon" surface  by measurement of t h e  s teady s t a t e  temperature gradient  ( d ~ )  
along a v e r t i c a l  pa th  (dz) , and t h e  thermal conduct iv i ty  ( K )  of t h e  
material across which t h e  gradient  was measured. The heat  f l u x  pe r  u n i t  
area-'$ is ca lcu la t ed  by t h e  conduction equation: 
Page 2 
Procedure 
I n  t h e  Apollo Program, these  mea.surements were made wi th  s lender  
probes 1 meter long p laced  a t  t h e  bottom of two +meter 'boreholes, For 
advanced experiments, t hese  same instruments w i l l  be employed i n  s i m i l a r  
a.nd deeper 'boreholes. The instrumentat ion cons i s t s  of s e v e r a l  components, 
A l i n e a r  a r r a y  of Chromel-constantan thermocouples emplaced near  t h e  top 
of t h e  hole t o  measure temperature t r a a s i e n t s  propagating downward from t h e  
lunar  sur face .  I n  t h e  lower p a r t  of t h e  hole a r e  more thermocouples f o r  
measuring t h e  n a t u r a l  s t eady  s t a t e  thermal gradient  and a hea te r  mechanism 
f o r  measuring t h e  e f f e c t i v e  thermal conductivi ty.  
The Apollo experiment was designed wi th  a, gradient  i n t e r v a l  ( dz )  of 
1 meter f o r  use i n  3-meter (10 f t . )  deep hole. 
For advanced experiments, employing d r i l l  holes  of 30 meters and 
more, t h e  gradient  i n t e r v a l  should be increased  t o  10 meters, wi th  provis ion  
f o r  even g r e a t e r  expansion f o r  except ional ly  deep holes. 
The probes w i l l  be  bur i ed  i n  t h e  d r i l l  holes ( a f t e r  o ther  experinents  ; 
e.g., geophysical logging and geophone emplacement, u t i l i z i n g  t h e n  have been 
completed) and temperatures w i l l  be monitored f o r  an experiment pe r iod  of 
one year.  
EQUIPMENT REQUIRED : 
Equipment No. Equipment Name 
Heat Flow Probes 
4 thermocuples, Chromel-constantan 
1 heat  f low/conductivi ty probe (conta in ing  heater  & 
sensors  ) 
Elec t ron ics  Unit (developed by Gulton I n d u s t r i e s ,  
Albuquerque, New ~ e x i c o )  
gradient  bridges and te lemeter ing  system 
EXPERIMENT ID NO. : 4088 
EQUIPMENT REQUIRED : ( ~ o n t  inued) 
Avg. Pwr. (watts)  - 3.0 
Weight ( l b )  - 9.1 
Volume (cu f t )  - 0.15 




















APPENDIX REQUIREMENTS ANALYSIS 
Space Division 
North American Rockweli 
SHEETS 
This appendix conta ins  t h e  Requirements Analysis  Sheets  (RFIS) developed 
f o r  t h e  l u n a r  sur face  missions.  The func t ion  number and f u n c t i o n a l  requi re -  
ment a r e  taken from t h e  f u n c t i o n a l  flow diagrams. The performance requi re -  
ments scope t h e  f u n c t i o n a l  t a s k s .  For t he  more important  func t ions ,  a l t e r n a t e  
methods a r e  i d e n t i f i e d  t o  form t h e  i n i t i a l  b a s i s  f o r  t r adeo f f  s t u d i e s .  Be- 
cause a n  excess ive  number of in-depth t r a d e s  can be made, they  were liaited 
t o  j u s t  those  which def ined  t h e  top  l e v e l  mission concept.  These t r a d e s  a r e  
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APPENDIX D . SURFACE NAVIGATION CONCEPTS 
The o b j e c t i v e  of t h e  naviga t ion  system i s  t o  supply informat ion  
s u f f i c i e n t  t o  enable t h e  crew t o  maneuver t h e  v e h i c l e  t o  some predetermined 
s i t e  o r  d e s t i n a t i o n  and r e t u r n  t o  t h e  Lunar Surface Base. 
Information t o  be provided i n  terms of o p e r a t i o n a l  requirements a r e :  
1. Display v e h i c l e  p re sen t  p o s i t i o n  dur ing  
each s o r t i e  mission.  
2.  Display range and bea r ing  t o  t h e  d e s t i n a t i o n  
of a p rev ious ly  v i s i t e d  s i t e  and t o  t h e  LSB. 
3, Display s t e e r i n g  angle  o r  heading d a t a  re -  
qu i r ed  t o  s t e e r  t h e  veh ic l e  t o  a predetermined 
s i t e ,  a p rev ious ly  v i s i t e d  s i t e  o r  t o  t he  LSB. 
4. Provide c a p a b i l i t y  f o r  p o s i t i o n  f i x  and heading 
r e fe rence  update.  
5. Provide c a p a b i l i t y  f o r  c a l i b r a t i o n  and alignment 
of  naviga t ion  equipment on l u n a r  su r f ace .  
6. Provide a means f o r  crew s a f e  r e t u r n  t o  t h e  LSB 
i n  event  of on-board system f a i l u r e .  
The b a s i c  modes of naviga t ion  o r  guidance def ined  f o r  t h e  s e l e c t i o n  of 
component u n i t s  were heading, v e l o c i t y  o r  d i s tance ,  updat ing o r  p o s i t i o n  fix- 
i n g  and homing. Table D - 1  i s  arranged t o  show weight, power and performance 
d a t a  f o r  each a l t e r n a t e  component concept l i s t e d  under t h e  above f o u r  modes. 
A wide range of weight and power i s  shown f o r  some equipment. The more 
e l a b o r a t e  des ign  conf igu ra t ions  have l e s s  e r r o r  b u t  a r e  heav ie r  and r e q u i r e  
more power t o  opera te .  
Sun senso r s  and landmark c o r r e l a t i o n  d a t a  a r e  included, a l though 
t h e s e  could be e l imina ted  from cons ide ra t ion  as a r e s u l t  of t h e  assumptions 
given i n  t h e  equipment survey. 
F igure  D-1  i s  a b lock  diagram of subsystem components used i n  t he  t r ade -  
off  s tudy  under each naviga t ion  mode. Heading and d i s t a n c e  a r e  combined t o  
d e f i n e  a dead-reckoning mode which provides continuous p o s i t i o n  and heading 
information.  The p o s i t i o n - f i x i n g  mode i s  used t o  update t h e  dead-reckoning 
system when t h e  accumulated e r r o r  exceeds s p e c i f i e d  to l e rances .  The homing 
mode s a t i s f i e s  t h e  a b o r t  requirement by provid ing  an  a l t e r n a t e  method of 
naviga t ing  i n  t h e  event  of a n  onboard system f a i l u r e .  
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Table Q-1. Alternate Component Concepts 
8 ,  HEADING TECHNIQUES 
Camponent 
Direcl ion gyro 
C O ~ . ~ ~ I I U O ~ S  star tracker w i th  
ve/iical gyro 
S si. r,e2d cnrrelator with vertical 
Soiiir a s ~ e c t  sensors and 
e!z;:rc~r+,cs 
.P vLlu.~,l?ter -.,a-S 
with t i l t  sensor 
Optreal velocimeter 
Dapp Ccr velocity sensor 
Gr3rrndwave (Loran) 
Accuracy after 4 hr 
Requirements 
Real ignment/cal ibration 
Stabil ization 
Star acquisit ion 
Realignment/cal ibration 
digital computer comple: 
Real ignment/caI ibration 
digital computer 
Digi ta l  computer (com- 
plex processing) 
Pref l ight  data 
Star f ie ld maps 
In i t ia l  heading computer 
- secondary 
Sunlight operation only 
In i t ia l  heading 





Digi ta l  computer 
Terrain i l lumination 
Complex computer 
Sensi t iv i ty  to  low 
speeds. Very short - 
range transmission 
Establ ished beacons 
, Computer 
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Table D - 1  . Alternate Component Concepts (Cont'd) 
Mounted sextant orizon or vertical ephern, 
omputer or ephemeris 




Horizon or vertical 
Handheld RDF LS B transmitter 
L ine-oFsight  range 
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The preferred  navigation system concept contains a theodol i te  f o r  
p o s i t i o n  f ix ing,  a d i r e c t i o n a l  gyro (DG) f o r  providing instantaneous heading 
data,  and wheel odometers with s e l e c t i o n  log ic  and ca l ib ra ted  e lec t ron ics  
arranged t o  measure the  d is tance  traveled.  The odometers a r e  considered a 
p a r t  of the  mobil i ty system. A radio  d i r e c t i o n a l  f ind ing  (RDF) u n i t  i s  pro- 
vided f o r  homing on t h e  LSB. 
I n  add i t ion  t o  supplying s t a r  point ing data, the  theodol i te  serves a s  
a heading reference t o  update the  DG, b n u a l  d r ives  on the  theodol i te  could 
serve  a s  a backup method f o r  navigating t h e  vehic le  i n  t h e  event  of a system 
f a i l u r e .  Transformation of s t a r  azimuth and e leva t ion  angular  data  i n t o  
coordinate system axes a r e  corrected f o r  vehic le  r o l l  and p i t c h  throughout 
tilt sensor e lec t ron ics .  Figure D-2 shows the  func t iona l  block diagram f o r  
t h e  navigation subsystem. The subsystem weighs 64 pounds and requires  58 
wat t s  of e l e c t r i c a l  power. 
The navigation computer processes the  information obtained from sensory 
equipment aboard t h e  vehicle and provides output  funct ions  necessary f o r  the  
navigation of t h e  v e h i c l e . ,  The two major navigation funct ions  provided by 
the  computer a r e  pos i t ion  f i x i n g  and dead-reckoning. 
The pos i t ion- f ix  mode of operat ion i s  performed while the  vehic le  i s  
stopped a t  a surface  loca t ion  chosen by the  as t ronaut  o r  a t  a s i t e  Location, 
Pos i t ion- f ix  ca lcu la t ions  performed by the  computer a r e  reviewed by the  
as t ronau t  before being used t o  make the  new pos i t ion  update, o r  before de- 
f i n i n g  a new DG heading reference.  
Biasing of the  DG i s  not  required each time a pos i t ion  f i x  i s  made; 
however, the  heading reference i s  redefined and an  update of vehicle heading 
i s  accomplished. During dead-reckoning operat ion while the  vehic le  i s  i n  
motion, odometer information obtained from a t  l e a s t  two p a i r s  of wheels i s  
processed by the  computer t o  determine dis tance  t raveled .  At t i tude  ( p i t c h  and 
r o l l )  information from the  tilt sensor and heading information from the DG 
a r e  processed t o  compute a change i n  pos i t ion  which i s  added t o  the  o r i g i n a l  
p o s i t i o n  t o  y ie ld  an updated pos i t ion  i n  terms of l a t i t u d e ,  longitude, and 
e leva t ion  o r  pos i t ion  i n  terms of some chosen coordinate system. 
This u n i t  cons i s t s  of alignment op t i cs  used t o  obtain an accurate l i n e -  
of-s ight  t o  a c e l e s t i a l  body and a reading op t i cs  por t ion  which provides the  
opera tor  wi th  e levat ion data  i n  t h e  v e r t i c a l  plane and azimuth da ta  i n  the  
hor izon ta l  plane. The as t ronaut  inputs  ephemeris and time reference data  i n t o  
the  computer t o  obta in  a pos i t ion  f i x  on the  lunar  surface.  
The tilt sensor u n i t  is  the a t t i t u d e  system t h a t  e s tab l i shes  the l o c a l  
v e r t i c a l  reference by sensing components of the  lunar  g rav i ty  vector  along two 
orthogonal axes when t h e  vehic le  i s  t i l t e d .  During dead-reckoning, navigation 
r o l l  angle information i s  used t o  compute a correc t ion f o r  the  heading angle 
obtained from the  d i r e c t i o n a l  gyro. Pi tch  angle information i s  used t o  resolve 
t h e  d i s t ance  t raveled  i n t o  hor izon ta l  and v e r t i c a l  components. During pos i t ion  
f ix ing ,  p i t c h  and r o l l  angle information i s  used t o  t r a n s f e r  the  sensed c e l e s t i a l  
angles  t o  t h e  l o c a l  v e r t i c a l .  
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The d i r ec t i ona l  gyro provides the  heading reference during dead-reckoning 
navigation. The u n i t  incorporates a two-degree-of-freedom gyro with i t s  spin  
ax i s  kept  hor izon ta l  by tilt sensor outputs, The gyro sp in  ax i s  maintains a 
f ixed  azimuth angle i n  i n e r t i a l  space. This i n i t i a l  angle may be any value 
between 41-80 degrees r e l a t i v e  t o  the vehicle fo re -a f t  ax i s .  I n i t i a l  gyro 
ca l ib ra t ion  t o  determine the  gyro azimuth reference locat ion r e l a t i v e  t o  lunar  
north i s  accomplished using the  theodoli te .  
The odometer system consis ts  of four  tachometers, each mounted on 
wheels, and se lec t ive  c i r c u i t  logic  t o  determine which tachometer output 
should be used i n  the dead-reckoning computation. Selection i s  made on the 
bas i s  t h a t  the tachometer with the slowest pulse r a t e  is on the  wheel with 
the  l e a s t  s l i p  and, therefore,  the most accurate measure of d is tance  t raveled,  
The pulse r a t e  from the se lected tachometer i s  proport ional  t o  vehic le  veloci ty .  
The RF homing system cons i s t s  of a CW t ransmit ter ,  operat ing a t  a eon- 
s t a n t  frequency from an antenna of the  LSB. A receiver u n i t  and sensing 
antenna i s  located on the  vehicle.  Heading angle information t o  the LSB i s  
the only data  provided f o r  navigation. 
The sextant  provides a backup mode f o r  making a posi t ion f i x .  The u n i t  
provides a method f o r  measuring the angle between a c e l e s t i a l  body and the 
na tu r a l  horizon. 
Xavigation Subsystem Performance 
Accuracy of the  system i n  the pos i t ion  update and dead-reckoning 
navigation modes a r e  of i n t e r e s t .  To r e l a t e  vehicle posi t ion information, 
a north-east s e t  of axes is  chosen a t  the  LSB. Posit ion e r ro r s  w i l l  
accumulate a s  a function of time a s  the vehicle navigates on the  lunar 
surface t o  a predetermined s i t e .  The posi t ion e r ro r  accumulated during the 
dead-reckoning mode i s  maintained within l i m i t s  by performing a posit ion- 
f i x  a t  se lected time in te rva l s .  A s  seen i n  Figure D-1, a posi t ion f i x  may 
be accomplished by the use of the periscope theodol i te  or  by landmark navi- 
gation.  
Lunar landmarks must be recognized and corre la ted with t h e i r  posi t ions  
shown on maps i n  order t o  e s t ab l i sh  vehicle posi t ion,  Actual landmark navi- 
gation s tud ies  conducted on ea r th  using TV cameras give a mean posi t ion e r r o r  
of 760 meters, with a variance of 1765 meters. When the worst cases were 
eliminated, the  mean posi t ion e r ro r  reduced t o  268 meters with a variance of 
216 meters. It i s  estimated i n  Reference D - l  t h a t  the  posi t ion e r ro r  u t i l i z i n g  
t h i s  method would be 500 meters. Also, there  a r e  many influencing f ac to r s  
a f fec t ing  t h i s  technique such a s  optimum dis tance  of landmarks, landmark densi ty  
and the  need f o r  es tab l i sh ing  range t o  d i s t a n t  landmarks. hndmarks i n  close 
proximity of the  vehicle ( .5  t o  2 miles ) and those beyond 20 miles give 
erroneous r e s u l t s .  Too many fea tu res  i n  s i gh t  a r e  confusing, so  landmarks 
should be i so l a t ed  f o r  b e s t  r e su l t s .  It was found t h a t  large  distance t r a v e l  
such a s  four  miles was unwise u n t i l  a s e r i e s  of successful  locat ion determinations 
could be obtained. .c 
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Cra t e r s  and h i l l s  on a  s c a l e  approximating camera r e s o l u t i o n  may 
hamper so an  i n t o l e r a b l e  degree a  c l e a r  view of t h e  hor izon  and s i g n i f i c a n t  
landxiarks un le s s  f i x e s  a r e  taken by moving t o  nearby e l eva t ed  l o c a t i o n s  such 
as c r a t e r  r i m s .  This  method of p o s i t i o n - f i x i n g  i s  most l i k e l y  t o  be employed 
dur ing  s u n l i g h t  hours  f o r  s o r t i e s  w i t h i n  a  30 k i lometer  r ad ius  of t h e  LSB. 
As time progresses ,  maps w i t h  d e t a i l e d  l u n a r  landmarks could be  prepared f o r  
use 3ur:ing daytime opera t ions .  P o s i t i o n  updates,  on long  naviga t ion  missions 
(11-00 t o  800 s t a t u t e  mi l e s )  and du r ing  n igh t  t ime opera t ions  w i l l  be accomplished 
* ~ i t h  the  t h e o d o l i t e .  Nominal p o s i t i o n  f i x  e r r o r  wi th  t h e  t h e o d o l i t e  i s  
2 t o  6 s t a t u t e  mi l e s  ( ~ e f e r e n c e  D-2). 
Tr1e dominant e r r o r  sources dur ing  t h e  dead-reckoning mode f o r  a  con- 
t i r * ~ o ~ s  measuring system m e :  ( 1 )  i n i t i a l  gyro heading misalignment, ( 2 )  DG 
ilr,i"t, and ( 3 )  wheel s l i p  v e l o c i t y  e r r o r s .  The i n i t i a l  gyro misalignment 
erroy is a combination of t h e o d o l i t e  azimuth misalignment, DG p ickoff  m i s -  
CL gn~ent, and tilt sensor  axes  misalignment ( a t t i t u d e  sys  tem misalignment ) . 
' f i ~ e l .  s l i ppage  o r  s l i p  i s  a f u n c t i o n  of t e r r a i n  p i t ch ,  and i s  expressed as: 
S - K  + K r ; , t a n P  1 
S = f r a c t i o n a l  s l i p  
K2 = p r o p o r t i o n a l i t y  cons tan t  
P = t e r r a i n  p i t c h  
-7 t o r  p i t c h  equal  zero, s l i p  i s  about  one percent  of t he  d i s t a n c e  t r ave l ed .  
P~aoYner poss ib l e  e r r o r  i s  veh ic l e  tilt caused by t e r r a i n  tilt o r  s lope  and 
.I__ , ~ y   ?Sass i s  . tilt due t o  loading.  This  e r r o r  i s  random and d i f f i c u l t  t o  
ss"u.ma-te o t h e r  t h a n b y  t e r r a i n  s imula t ion  us ing  a computer. The magnitude 
=f error has  been l e s s  than  one percent  of  t h e  d i s t a n c e  f o r  r e s u l t s  reviewed 
"c dd.atee.  The s o l u t i o n  t o  e l imina te  e r r o r s  due t o  tilt is  t o  use  a  tilt sensor  
unit and measure chas s i s  tilt cont inuously.  This u n i t  r ep l aces  t h e  s t a t i c  
incXnor ie te r  used t o  e s t a b l i s h  t h e  l o c a l  v e r t i c a l  dur ing  a  p o s i t i o n  f i x .  
P o s i t i o n  Accuracy 
The 3 ~ c o m p o n e n t  e r r o r s  used t o  determine t h e  maximum p o s i t i o n  e r r o r  
5aiiring t h e  dead-reckoning mode a r e  summarized as fol lows:  
1, Odometer: 3% of d i s t ance  t r a v e l e d  
2, Direc t iona l  Gyro D r i f t :  0.5"/hr 
3 ,  Direc t ion  Gyro Pickoff :  0.5' 
4, T i l t  Sensor Axes Misalignment: 0.5' 
5. Theodolite Azimuth Misalignment: .05' 
Heading misalignment e r r o r s  (3, 4, and 5 )  were combined i n  RSS f a s h i o n  and 
used w i t h  t h e  DG d r i f t  e r r o r  i n  t h e  fo l lowing  p o s i t i o n  e r r o r  equat ions:  
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APE = V t  - V/D 
  sin(^+ D t )  - s i n  K ]  
AP, = V/D [ C O S ( K  + ~ t )  - cos K ]  
A p = ( A pE2 + A pN2)1/2 
where 
APE i s  the  e r ro r  due East i n  a North, East and Vert ical  coordinate 
sys tem 
A P ~ J  i s  the  e r ro r  due North i n  a North, East, and Ver t i ca l  coordinate 
sys tern 
AP i s  the r a d i a l  e r ro r  i n  t he  hor izontal  plane. 
These equations a r e  p lo t ted  i n  Figure D-3 f o r  a vehicle veloci ty  of 4 %/hr 
and 10 Km/hr, t r ave l ing  i n  an eastward d i rec t ion  a t  the lunar equator. 
For s o r t i e  distances l e s s  than 30 Kin, a posi t ion f i x  by theodoli te 
w i l l  not l i k e l y  improve the  posi t ion accuracy provided by dead-reckoning, 
For a high speed vehicle (10 Km/hr) a posi t ion f i x  every two t o  three  hours 
would be adequate. 
D-1.  Dual Mode Lunar Roving Vehicle Preliminary Design Study, 
Volume 111, 1970 Grurnmon Aerospace Corporation 
D-2. Lunar Landmark Study Document 760-45, 1970, J e t  Propulsion 
Laboratory 
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APPENDrX E. LSB SITE MATHEMATIC MODEL 
A mathematic model of a t yp i ca l  LSB s i t e  was formulated t o  summarize the  
r e su l t s  of the  remote exploration s o r t i e  analyses and t o  provide t he  basis  f o r  
subsequent s tudies  of addi t ional  s i t e s .  
The model was developed i n  the  form of histograms as shown i n  Figures 
Es-1 through E-13. These f igures  show the  frequency with which the  various 
s o r t i e  variables occur on t he  missions planned a t  t he  various s i t e s .  The 
data are  p lo t ted  independently of s i t e  locat ion on t he  histograms. Table E-E 
presents the  equations which resul ted from a l e a s t  squares curve f i t  through 
smoothed data and a l so  l imi ted t o  a maximum of 4 th  degree i n  order t o  emphasize 
t h i s  study. Data from the  three  payload histograms are not included i n  t he  
module because the  var ia t ions  were too  small t o  be generalized. Also shown on 
t he  histograms a re  the  design points se lected f o r  the  mission variables 
(marked DP) . 
A generalized form of t h i s  model was developed f o r  studying s i t e s  
- 
s ign i f ican t  d i f fe ren t  i n  scope from those of t h i s  study. This model i s  
presented i n  Table E-2. It i s  a normalized form of E-1 and t he  normalizing 
values are given i n  Table E-3. These a re  the  peak values taken from the  
individual  histograms. Because of the  r e l a t i v e l y  large  number of samples of 
s o r t i e s  and experiment locations ( s i t e s )  available,  these equations could be 
converted t o  p robabi l i ty  density functions by normalizing t he  t o t a l  number of 
s o r t i e s  or locations as given on each figure.  However, t h i s  was not done as a 
more general form could be achieved by normalizing both t he  frequency of 
s o r t i e  or locat ion and t he  random variables such as mission duration, payload 
weight, and so  on. 
To use the  model, the maximum values f o r  the  s o r t i e  o r  experiment 
locat ion frequency and the  random variable should be known. These, along with 
chosen intermediate values f o r  the  random var iable  w i l l  y ie ld  the frequency 
of s o r t i e s  o r  experiment locations from the  pa r t i cu l a r  equation. Thus a s i t e  
layout on a scaled map must be avai lable  with the  locat ion of the she l t e r  
and routes t o  a l l  preselected experiment locations specif ied by computing, 
estimating, o r  choosing the  maximum value of each random variable and know- 
i n g  t he  number of s o r t i e s  and experiment s i t e s  from the  planned routes ,  
A.n inspection of t he  s i t e  dependent histograms shows a tendency towards 
s Gaussian d i s t r i bu t i on  of the variables,  generally centered on the she l t e r  
locat ion.  This i s  t o  be expected from the  s p a t i a l  nature of t h i s  problem and 
the addit ion of more s o r t i e s  t o  more experiment locations would r e s u l t  i n  a 
smoother d i s t r i bu t i on  more c losely  approximating the i dea l  Gaussian form, 
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Table E-1. LSB S i t e  Model 
Table E-2. Normalized Model 
Figure I Curve F i t  Equation Number k 
Space Division 
North American Rockwell 
Table E-3. Normalizing Values 
Figures E-14 through E-18 present t he  remote s o r t i e  t imelines f o r  a l l  
os~$Loration missions or iginat ing from the  f i v e  LSB s i t e s  analyzed. These 
- tl:?leiiaee were formulated t o  determine the  mission durations of Histogram 
X-2, Lie s t a r t i n g  time f o r  each mission i n  order t o  a r r ive  a t  the  experiment 
sl-te "by s ~ t ~ ~ i s e ,  t h  amount of night driving time, and t h e  effectiveness of 
-ri le mPs s ion planning of equi-durat ion miss ions. Total  miss ion durations 
t ~ z e k ~ d i n g  corrections f o r  enroute maintenance and repa i r  and s h e l t e r  
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APPENDIX F. EXPERIMENT MANPOWER ALLOCATIONS 
Enclosed a r e  the worksheets by d i s c ip l i ne  with the  EVA and hours 
by experiment from which a l l  manpower est imates have been made. A chart 
showing buildup times f o r  the  astronomical observatory and radio  telescope 
networks i s  a l s o  included. 
Space Division 
North Arner~can Rocl<well 
Space Division 
North Amerimn Rockwell 
Space Division 
North American Rockwell 
Space Division 
North American Rocl<well 
Space Division 
North Arner~can Rockwell 
G E ~ L O G ~ - G E O C H E M I S T R Y  Table F-3. Exper~ments Manpower Requlrements (Cont'd) 
I D E T R O G R A P H I C  A N A L E I S  (LAB)  I-- 
1 4C37 9 0 0 0 8  Lab a n a l y s ~ s  2& / 1 2 lper  sample 
Averaqe 6 samolesldav I------ 5 0 0 0 6  
MlRiERALOGlC IDENTIFICATION, IN-SITU ' 
14038 1 1 0 8 6  
I 1402 5 Operat~on 0.5 hr/sample 1 5  50 / 1 4 0 2 6 .  
- - - - ---- -- 
1 0  days (a' 6 . 5  hr EVA 
~nc ludes  move to 2nd s ~ t e  
3 days ma~nt.  per hole 
90  working days per hole 
-  - --- - 
1 man fu l l  time for 
1 Space Division 
North Amer~can Rocl<wel t 
EXPLOITAT ION Table F3 .  Exprrlmen(s Manpower Requirmrrntr (Cont'dd) 
1.1 mhhr EVA buddy 
wi l l  take care of 0.1 hr 
Space Division 



























































































































































































































































































































































































































































































































































































































































































































APPENDIX G. SURFACE MISS I O N  TRADE STUDIES 
The computational d e t a i l s  of the  trade s tudies  conducted t o  s e l ec t  
the optimum transpor ta t ion concepts f o r  conducting the  remote s o r t i e s  and 
deep d r i l l i n g  operations and the optimum s i t i n g  concept f o r  the  observatory 
a r e  presented i n  t h i s  section.  The summary r e su l t s  were given e a r l i e r  i n  
Section 1.0 of Par t  2. 
Ten remote s o r t i e  concepts a r e  evaluated i n  Tables G - 1  through G-10. 
I n  each evaluation the  concept i s  defined i n  terms of i t s  s ign i f ican t  events 
and t h e i r  individual  and t o t a l  duration. The i n i t i a l  mass of equipment t o  
be delivered t o  the  experiment s i t e  i s  established along with the  number of 
round t r i p s  required t o  complete the  exploration and the  mass of spares and 
consumables required on each t r i p .  A l l  requirements a r e  based on those 
developed e a r l i e r  f o r  a typ ica l  LSB s i t e .  This s i t e ,  f o r  example, has an 
average of 17.4 experiment s i t e s  and t h i s  i s  what determined the  number of 
round t r i p s  necessary i n  concept No. 1. The t o t a l  program mass, the primary 
c r i t e r i o n  f o r  optimization, i s  the sum of the  i n i t i a l  mass and the t o t a l  re- 
supply mass required t o  be delivered t o  lunar o r b i t  i n  order t o  complete the 
exploration. The program duration is the  product of the  individual  s o r t i e  
duration and the number of s o r t i e s  required. 
While many of the  absolute values of the individual  t ask  durations 
and weights have been obsoleted s ince  these t rades  were performed, the re-  
s u l t s  and conclusions remain va l id  because the  r e l a t i ve  differences within 
s o r t i e  a r e  e s sen t i a l l y  unchanged. 
Some deep d r i l l i n g  concepts have been studied and evaluated i n  a 
manner s imilar  t o  t h a t  employed on the  remote so r t i e s .  The operational  
concept, the  i n i t i a l  and resupply mass i n  lunar o rb i t ,  the t o t a l  program 
- - 
mass and duration f o r  each of these concepts is  given i n  Tables G - l l  through 
G-17. 
The observatory - LSB-OLS combinations a r e  s imi la r ly  analyzed i n  
Tables G-18 through G-22. 
Table G-1. 
SORTIE! CONCEPT DESCRIPTION lS0, OM-TU7; SORTm, NO I S B  AVAILABLiE 
@era% ional Concept 
(a) Tug sortie concept is assembled at OLS (14-day tmaround) 
(b) T-S is dispatched from OIdj to each locale with crew and all equipment 
required (1 day) 
( c )  Eqlore locale and live in Tug CM (16 days) 
to OL*S arter explorations of locale (1 da.y) 
( e )  ~epeaua) through (d) for l7 locales, (32 days/sortie) 
Initial. Mass (~elivered and Returned Mass) 17 RT' s 
-- 
pi;lg 21,600 
Mtg. S-truc I 1,200 
Seies?ce Equip, 1,850 
&bility 
Power 
Tug Fuel 55,000 
Crew Consum, 1,094 
llbbility Spares 350 
Science Spares 151 
56.6 kl-b x 17 = 96202 klb 
Mine Prograsl  ass 996.8 kl_b 
En. Program Duration 32 EX 17' = 544 days 
Tug s o d i e  concept assembled a t  OLS (with mobile shelter)  
T-S i s  iiispatched f r o m  O I S  t o  locale grouping ( 1  day) 
-lore locale g m u p i ~ ,  tug quiescent, l ive  i n  mobile shelter 
(3 locales a t  16 days ,each + 3 driving = 51 days) 
Be Lo 0LS @er each locale group (1 day) 
Repeat (a)  t h m x h  (d) for  s i x  groups (14-day turnarowld) 
R"QB?;. Tug 21,600 
Science  quip, 1,850 
W b i l i t  y 6,900 
Power Wailer  3,150 
&bile Shelter 
mg. Stmc. 
Tug Fuel 70,000 
3, 131 
b b i l i t y  Spares 600 
Science Spares 208 
73,938 x 6 = 443.6 klb 
Program Mass 484.1 klb 
mn, Program Duration, 65 x 6 = 390 days 
Table 6-3. 
SQRm Cr3NCEPT DESCRIPTION 3 s 0 9  OLS & LSB, SURFlACE ~ ~ Y ,  C W  BY TUG, 
IN TUG 
(a) Tug delivers mobility to LSB 
(b) *%bility dispatched, ed to locale (6 days) 
c )  Crew dispatched to locale by second tug landing (1 da,y) 
ti) -lore one locale only, live in tug (16 days) 
( e )  Crew and science re (1 day) 
(f) Jlb%ility dispatched ed to next locale (6 days) 
tg) Repeat (c) through (f) for 17 locales 
(22-day/sortie) 
S P ~ O ~ S ~ S ~  u g  21,600 
Ica&ebilidy & Power 12,923 
to k&ld 
Mobility 35,000 
Science Equipent 1,800 71.4 klb 
(17 times) 
Tug h e 1  35,000 
?@bility Spares 350 
Crew ConsumabLes 1,094 
Science Consumables 151 
-b x 17 = 622.2 
693.6 w_b 
Mn, Program Duration (22 x 17) = 374 days 
Table G-4. 
SQRT6E: COHCEPT 63ESCEmlON 4,0, OLS & LSB SURFACE RESUPPLY, CRFW 13Y TUG, 
USE 1V1OBILE SHELTER 
(a) Yhg delivers mobility, power and she l te r  t o  LSB 
(b) Vehicle t r a i n  dispatched unmanned t o  f i r s t  locale  group, 
t ravels  continuously at  low speed, 
( c )  Crew dispatched by tug t o  locale group 
(d) Locale grouping explored, crew l ives  i n  mobile she l te r  
tug i s  quiescent (3 locales @ 16 days each + 3 drivingj.  
(e) Mobility dispatched t o  next locale  group 
(f) Crew returns t o  OLS for  rotat ion 
( g )  Repeat (c)  through ( f )  for  s i x  locale groupings 
Initial Mass Reauired 
Program Tug 21,600 
Mobility Shelter 
and Power 18,719 
Fuel t o  Land 
Mobility 40,000 
Science Equip. 1,850 82.3 klb 
Resupply Required (6 times ) 
Tug Fuel 35,000 
~ b b i l i t y  Spares 720 
Crew Consumables 3,040 
Sci, Consumables 308 
38,968 x 6 = 233.8 ISD 
hogram h ass 316.1 ISD 
Program Duration 63 x 6 = 378 days 
(51  dws) 
(6 days) 
(1 d w )  
(63  dws/  
so r t i e )  
Table G 5 .  
SORTJ3 CONCEPT DESCRIPTION 5.0, LSB TO INDIVlDUAL LOCALES O V E W ,  
LSB AVAIUBLE 
(a) Ship so r t i e  convoy t o  LSB 
(b) bWe u.p so r t i e  convoy a t  IXB 
( c  $ Dispatch convoy over lurain t o  locale 6 
(d) Set up camp ma explore locale 16 days 
( e )  Retura over lwrain t o  LSB 6 days 
( )  Debrief, repair  vehicles, ro ta te  crew a d  14  days 
vehicles 
(g) Repeat steps (c)  through ( f )  fo r  17 sor t ies  
42 days/sorties 
I n i d i d  Mass 
2 Prime Movers 6,880 
Power Trai ler  3 7 170 
Supply Trailer 1,200 
Program Science 1,850 
Deployable Shelter 2,700 15.8 ~b 
~ u g  Fuel 25 w b  40.8k.l.b 
Kesupply Requirement (17 times ) 
For systems and 2,562 
personnel 
Sei, Consumables 151 
Vehicle Spares 341 
3,054 x 17 = 
Tug Fuel 
Program Mass 
42 days/sortie x 17 sor t ies  = 714 days 
Preparation Time = 30 days 
744 aays 
Table ~-6, 
SO ON 6 4  LSB TO GROUPED LOeAI;ES OVER 
A m  
Operational Concept 
Sbip surface convoy t o  LSB 
Assemble surface co~voy a t  LSB 1 a84y 
mspatch expeaitions t o  f i r s t  locale group 6 days 
Set up camp and. explore f i r s t  locale 16 days 
Break camp and 'travel over lurain t o  2nd locale 1 day 
Set up camp and explore second locale 16 days 
Break camp and travel  over lurain t o  3rd locale 1 day 
Set up ca~rrp and explore third locale 16 days 
Return over lurain t o  LSB 6 days 
Debrief, repair asd exchange vehicles, rotate crew 
sort ie  
Repeat steps (b) through ( j) for  s ix  sort ies 
Initial Mass (~e l ivered  t o  L S B ~  
2 Bime Movers 6,880 
SuppPyTrailer 1,200 
Power Trailer 3,170 
Program Science 1,850 
Mobile Shelter 5,796 18,896 
Resupply Requirement ( 6  timeso 
Systems & Personnel Consumables 
, 3,843 
215 
Vehicle Spares 700 
4,758 x 6 = 28,548 
~ u g  Fuel 35 9 000 639 548 
Program Mass 110,444 pounds 
E n .  Program Duration = 77 x 6 = 462 days 
Buildup = 30 
492 days 
Table G-7 
SORm CONCEPT DESCRIgTZON 7.03 SYSTEMS & SUPPLIES E;Y SURFACE VEHICLJE, 
PERSONNEL J3Y FLYER, LSB AVAILABI;E 
(a) Snip surf ace vehicles, f lyer ,  personnel a d  fue l  t o  LSB 
(b) W e  up ed s o r t i e  convoy a t  LSB 
( e )  Dispatch s o r t i e  convoy over lura in  t o  f i r s t  locale  
(newly continuous t r ave l  a t  low speed) 
(d) Fly personnel t o  f i r s t  loeale 
(e) Emlore locale  
(f) Drive t o  second locale  
( g )  Explore loeale 
(h) Drive t o  th i rd  locale 
(i) Explore locale 
j )  Drive t o  f lye r  s i t e  and prepare convoy for  return 
(k) P. Dispatch s o r t i e  convoy t o  LSB (6 days) 
2, Fly personnel t o  LSB (1 day) 
(1) Debrief, repair  vehicles, ro ta te  crew and surface veh. 












Z n i t i d  Mass ( ~ e l i v e r e d  t o  LSB) 
- 
2 Prime Movers 6,880 
Su.pplyTrailer 1,200 
Pawer Trai ler  3,170 
Program Science 1,850 
& . b i l e  Shelter 5,800 
Flyer (4 men) 840 19.7 klb 
Tug Fuel 29 k2b 48.7 klb 
Ftesuppiy Requirements ( 6 times ) 
- 
Systems and 
Personnel Consum. 4,087 
Sei. Conswnables 215 




Program Mass = 156,992 pounds 
REn, Frogram Duration 67 x 6 = 402 days 
Table G8. 
SORTIE CONCEPT DESCRIPTION 8.0, SURFACE TO XUIiFACE TUG SORTIE, LSB A?TAImm 
Operational Concexh 
(a) Ship vehicles, personnel m d  fuel to LSB 
(b) Assemble tug sortie at LSB 
(c) Fly to locale grouping m d  set up camp 
(d )  Explore first locale 
(e) Drive to second locale 
( f) Explore second locale 
C g )  Drive to third locale 
(h) Explore third locale 
(i) Returm to tug and load on vehicles 
j Fly to LSB, debrief, rotate crew and turnaround 
(k) Repeat (b) through ( j) for six sortie groups 
Initial. Mass Required (Delivered to LSB) 
2 Prime Movers 6,880 
Supply Trailer 1,200 
Power Trailer 3u70 
Program Science 1,850 
Mobile Shelter 5,796 
Program Tug $2; 5; 
Tug Fuel 28;000 
68.5 klb 
Resupply Requirements (6 times ) 
Systems & Personnel 
Consmbles 4,148 
Sci . Conswnables 215 
Surf. Veh. Spares 550 
Tug Spares 148 
Tug Fuel 33,000 
38,061 x 6 = 228.4 klb 
Tug Fuel 230.0 klb 
Program Mass 527 klb 
Nine Program Duration 68 x 6 = 408 days 
s o r t i e  
Table G-9. 
SO.RTI3 COTJCEPT DESCRIFCION 9.0, AUTONOMOUS MOBIm BASE, TUG RESUPPLY DIRECT, 
NO LSB REQUIRED 
Operational Concept 
Assemble m ~ b i l e  base on tug i n  ear th o r  lunar o rb i t  
Ship base by tug t o  f i r s t  l o c d e  
Deploy w d  assemble mobile base constituents 
E-lore locale 16 days 
Drive t o  next locale 11 day 
Explore locale 16 days 
Drive t o  next locale 1 day 
Explore locale 16 days , 
Meet resupply tug, perform repairs, ro ta te  crew, t ransfer  14 days 
eargo t o  mobile base 
(3) ~ r & e l  t o  next locale group 
(k) Repeat steps (d)  through ( j )  f o r  s i x  cycles 
In i t ia l .  i%ss t o  Lunar Orbit 
--- 
Mobile Base 44 klb 
Program Science 1.9 
bogram Tug 20.6 66.5 k lb  
Tug Fuel 46.5 klb 113.0 klb 
Resupply Requirement (6 times ) 
Systems & Personnel Consumables 4,331 
Science Consumables 3,790 
Vehicle Spares 1,650 
9,771 
Tug Fuel ~8 .000 
Program Mass 400 kl_b 
6 days 
70 days 
Y i n ,  Program Duration = 70 x 6 = 420 days 
Buildup = 30 
Table G-10,. 
CONCEPT DESCRImON 10.0, AUTONOMOUS M0BII;F: 
om LRV, LSB REQUIRED 
Mobile base delivered by to first locale 
Deploy and assemble base constituents 
-lore locale 
M v e  to next locale , 
Explore locale 
Drive to next locale 
Explore locale 
Meet overlurain resupply convoy, perform repairs, 
exchange crew, exchange mobility units 
Travel to next locale grouping 
( j ) Repeat (c) thmugh (i ) for six groupings 
kbbile base concept 44 klb 
Program Science Equip. 1.9 klb 
46 ~b 
Tug Fuel 46.5 klb 
92.5 klb 
Resupply Requirements 
Systems & Personnel Consum. 3,538 
Science Consumables 
- Lab 2,970 
- Field a 5  
Vehicle Spares 1,350 
Sortie Resupply = 8,073 
ijogistic Sortie Requirements 
Systems & Pers. Consumables 






Total. Resupply, 9.1 klb x 6 = 
54.6 klb 
Tug Fuel 55.4 klb 
Program Mass = 202.5 klb 
Program Duration = 58 x 6 = 348 + 12 = 360 days 
Table G-ll. 
13mP D R E U  MISSION CONCEPP DESCRIPTION 1.0, OLS-TUG SNELmR, EVA DRILLING 
OPERATIONS 








Mssion assembled at OLS 
Mission systems and personnel airspatched by tug to site 
Drill location and assembled on first location 
Drilling operations conducted EVA, crew lives in tug 
Drill disassembled and overhaul 
T U . ~  and crew rotation with resupply at 60-day intervals 
D r i l l  relocation, identification and assembly 
billing operations, second hold 
Disassembly, stow and return crew to OLS 
-%Contingency for EVA drilling operations, 
factor of 2.5 
7 -bug and crew rotation and resupply @ 60-day 
intervals @ 2 days 
Program Duration 
Lait i d  System Mass Requirement (In Lunar orbit) 
- 
fiograra ~ u g  20,600 
Deep Drill 4,022 
P r i m e  MDver 3,440 
Power Trailer 3,170 31,232 
~ u g  Fuel= 56,000 87.2 klb 
(Based on 14.8 klb) 
Vehicle Stores 354 
Crew & Systems (3 men) 1,360 
Drill Spares 214 
Bit Replacements 181 
EPS Cryogens (Tug) 2,340 
14ab 100 
4.5 1st 4.5 klb 
~ u g  Fuel 36 
40.56 = 243. klb 
Program Mass = 335 klb 
Program Duration = 447 days 
Time 
(~ays ) 
*Includes delivery of first conswnables load 
Table G-12. 
DEEP DRILL MISSION CONCEPT DESCRIPTION 2.0, OLS - DEPLOYED SHEL'IER W 
EVA DRILLING OPERATIONS 
(a)  through (i) same as 1.0 except add 
(c  ' ) Deploy shel ter  
2 tug and crew rotations @ 140-day intervals 
Program Duration h36 
I n i t i a l  k s s  Reauirement 
Deep Dr i l l  4022 
Prime Mover 3440 
2 Power Trailers 6340 
Shelter 4830 18.6 klb 
Tug Fuel - 55.0 klb 73.6 klb 
Consumables ~ e ~ u i r e r n e n t / l 4 0 - ~ ~  Cycle
Vehicle Spares 400 
Crew & Systems 5250 
D r i l l  Pts. 640 
B i t  Spares 550 
Lab Supplies 300 
2 cycles @ 7x40 1st 7.1 klb 
~ u g  f i e 1  36 K ea. 
2 Resupply Missions 43.1 = 82.6 klb 
Program  ass 166.9 EL% 
Table G-13. 
DEEP E)RII;L MISSION CONCEPT DESCRIPTION 3.0, OLS - INTEGRATED SHELTER, IVA 
DRILLING OPERATIONS 
(a) Mission assembled at OLS 
(b) Mission system and personnel delivered to site 
( c )  Will location and assembly on first location 
(d) Deploy personnel shelter and camp facilities 
(e) killing operations ( IVA) 
(f) Drill disassembly and overhaul 
( g  $ Drill relocation identification a d  assembly 
(h) C a p  redealopen% 
( i ) Drilling operations ( TVA) 
f' 
; j Disassembly, stow and return to OLS 
-fConsingency Factor for IVA 
Drilling Ops = -2.0 
Time 
( ~ w s  ) 
Program Duration 278 
1 Resupply @ 140 days 
PniSia l  Systems Mass 
Prime Mover 3440 
2 Power Trailers 6340 
Beep Drill 4022 
Personnel Shelter 4830 
Drill Shelter (~ent ) 750 
lel/~irlock 470 19.9 klb 
~ u g  Fuel 45 klb 65 klb 
Consumables Requirements (140-~ay Cycle) 
P 
Vehicle Spares 400 
Crew & Systems 5250 
Drill Pts. 640 
Bit Spares 5 50 
Lab. Supplies 300 7.1 klb 
Tug Fuel 36 klb 43.1 klb 
One required 43 klb 
Program Mass 115 klb 
Table G-14, 
DEEP D MfSSION CONCEPT DESCRIPTION 4.0, LSB - LOCAL EVA DR OEMTIONS 
(a) Ship misiion systems to LSB 
(b) Drill location and assembly on first locatmon 
(c)q EVA drilling operations on first location (~ive @ LSB) 
(d) Drill disassembly arid overhaul 
(e ) Drill relocation identif ication and assembly 
(f) EVA drilling operations on second location 
(g) Disassemble, stow drill system 
*Contingency Factor for EVA drilling -2.5 
Program Duration 
Initihal Systems Mass 
Deep Drill 4022 
Power Tr&iler 3170 7.2klb 
~ u g  Fuelw 36 ~ I A I  
MBased on manned delivery 
Consumables Requirement (140-~ay Cycle) 
Crew and Systems 5250 
Drill RS. 640 
Drill Bits 550 
Lab Supplies 300 6740 1st = 6.7 klb 
Tug Fuel* 35,260 42 klb ea. 
2 Resupplies @ 42 klb = 84 f i l s  
Program Mass = 133.9 

Table ~ 1 6 .  
DEEP DRILL OONCEPT DESCRIETION 6.0, LSB - INTEGRATED DR1I;LLNG SKELmR 
(IVA DRIUING) 
Operational Concept 
Ship mission systems to LSB 
Exploration, drill locations and assembly 
Drill shelter and tunnel erection and activat5on 
IVA drilling operations on first location 
Drill disassembly and overhaul 
Drill relocation survey, and reassembly 
Drill shelter relocation 
IVA drilling operation on second site 
Drill disassem%ly and stow 
Time 
17'5 
*Contingency factor for IVA drilling ops 2.0 - 100 
Program Duration 27'5 
kitial Svstems Mass 
Power Trailer 3170 
Deep Drill 4022 
Drill Shelter 750 
Tunnel 470 8.4klb 
Tug Fuel 42.6 klb 
Consumables Requirements (138-~ay Cycle) 
Crew and Systems 5180 
Drill Parts 620 
Spare Bits 550 




DEXP D R U  MISSION CONCEPT DESCRIPTION 7.0, LSB & D R I W G  OUTPOST 
(a) Ship mission systems to LSB 
(b) Exploration, drill location and assembly 
( 2 )  Wpost and drill shelter erection 
(d) IVA drilling operations on first location 
( e )  h%pos$ disassembly and return to LSB 
(9) Drill overhaul 
$ g )  Drill relocation survey and reassembly 
(c) Qtatpost and drill shelter erection 
5 .  drilling operations on second location 
(2 Outpost disassembly and return to LSB 
*Contingency factor for IVA drilling -2.0 
Min. Frogram Duration 
Initial Systems Mass 
--- -
Rime Mover 3440 
2 :?ewer Trailers 6340 
Dee~ Drill 4020 
Dr5.l~ Shelter 750 
el 470 
bb'oile Shelter 5800 20.8 klb 
Tug Fuel 52.2 klb 73 k1.b 
les Requirement (lko-~ay Cycle) 
- 
Vehicle Spares 400 
Crew & System 5550 
Drill Spares 640 
Spare Bits 550 
- 
Tmb Supplies 
~ u g  Fuel 38060 
45,500 






Table G- 18. Astronomical Observatory Mission Concept 
Description, Autonomous Central Observatory, 
with o r  without OLS, Near o r  Farside 
Operational Concept 
a) Ship telescope s e t  and base constituents 
t o  preselected s i t e  (4 man). 
b) Deploy base housing elements E unload Tug 
c) Perform s i t e  selection survey 
d) I n s t a l l  5 t o  500 MHz telescope 
e) I n s t a l l  0.6 t o  1 . 2  MHz telescope 
E) I n s t a l l  300KHz t o  1 MHz telescope 
g )  I n s t a l l  1 Meter X-ray telescope 
h) I n s t a l l  1 .3  Meter Optical telescope 
i )  I n s t a l l  3.0 Meter opt ical  telescope 
j) Complete Communications* 6 Power Net 
Minirlum Ins ta l la t ion  Time 
k) P e r f o n  Observatory Operations (4 men) 
1) Perform resupply operations @ 180 days 




*For the farside case without the OLS, add surface l ink deployment. 
Space Division 
North well 
Table G-19. Observatory Instal la t ion Factors 
I n i t i a l  Systems Mass 
Telescope Sets 
5-500 MHz Radio 0.1 K 
0.6 t o  1 . 2  MHz Radio 0.4 K 
1 t o  15 MHz Radio 0.4 K 
300 K t o  1 MHz Radio 1.5 K 
X- Ray 3.6 K 
1.3 Meter Optical 11.1 
2.5 Meter Optical 49.6 K 66.7 
Additional Mass fo r  Autonomous Observatorv** 
4 Man Base 4 Lab 
2 Prime Movers 
Equipment Tra i le r  
Mobile Power Source 
Mobility Attachment 
Consumable Requirement (1 80 day cycle) 
Vehicle spares 0.3" 
Personnel 4 Systems Cons. 9.0 
Lab Supplies, Photo 0.1 
Astro System Spares 1.7 
As t r o  Consumables 1.1 1 2 .  ZK# 
*Local use only 
Tug Fuel (2/4 Men) 5 6 ~ '  
# 
**For farside add 1 K  fo r  cornm. link 
Table G-20. Astronomical Observatory Mission Concept 
Description Integrated with LSB (Frontside 
or  Farside, with or  without an OLS) 
a) Ship telescope se t s  t o  LSB 
b) Perform s i t e  survey 4 selection 
c) Unload t'elescope se t s  4 deploy t o  s i t e s  
d) I n s t a l l  radio telescope se t s  (3) 
e) I n s t a l l  opt ical  telescope s e t s  
(1.3 6 2.5 meter) 









Minimum Instal la t ion Time 102 days 
Note: Housing 4 resupply services provided by the LSB. 
Space DivisM 
Nortfi I 
Table G - 2 1 .  . Astronautical Observatory Mission Concept 
Descriptions Separate Fac i l i t i e s  on Limb, Part  
with LSB on Frontside, Part  a t  Backside Outpost 
Cberat ional Conce~t 
Time * 
(Days) 
a) Ship radio 6 X-ray telsecope t o  LSB N A 
b) Perform local s i t e  survey 6 s i t e  selection 9 
c) I n s t a l l  X-ray telescope 6 activate (4012) 11 
d) I n s t a l l  0.6 t o  1 . 2  MHz telescope (4027) 6 
e )  I n s t a l l  1 t o  15 MHz telescope (4015) 1 2  
f )  I n s t a l l  300K t o  1 MHz telescope (4014) 2 0 
g) Travel t o  fars ide,  Astro location, 18.0 
deploy cornm. net 6 meet Tug 
h) Deploy Astro outpost she l te r  complex 7.0 
i) Perform remote s i t e  survey 6 selection 8.0 
j) Unload telescope se t s  6 move t o  s i t e s  6.0 
k) I n s t a l l  5 MHz t o  500 MHz telescope (4028) 4 
1) I n s t a l l  1.3M optical  scope 8 
m) I n s t a l l  2.5M optical  scope 3 2 
Total Deployment Time 141 days 
n) Perfom Observatory operations 
"4 Men 
Table G-22 .  Extended Communications Link Deployment, Farside 
t o  Nearside, without OLS o r  t o  Augment OLS 
Support 
Operational Concept 
a) Ship mobility systems to  Astro s i t e  
Time 
(days 1 
b) Make up communications so r t i e  a t  Astro base 1 
c) Travel over lurain t o  1st relay s i t e *  
d) Deploy VHF communications relay (2% hrs ea) 2 0 
e) Repeat c 6 d f o r  the required number of 
cycles to  achieve over 300 miles of relay 
f )  Set up Astro base t o  MSFN comm. antenna, 
power, system G she l te r  
g) Return t o  Astro base 18 
40 days 
S u p ~ o r t  System Reauirements ** 
2 Prime Movers 
Power Tra i le r  





5800 Total = 17K lbs 
Consumables Requirements f o r  Link Deployment (1 300 m i  R/T a t  
6 mo intervals) 
Personnel Systems 1500 
Vehicle Spares 700 
Communication System 300 
TTO lbs Total = 2.SK Ibs 
Consumables Requirements f o r  Two Independent Si tes  
2 Three-man Crews 5200 
2 Vehicles Spares 1400 
SZE7 lbs Total = 9. IK Bbs 
"Distance based on average height of 3200 f t  ea point 
**May be par t  of LSB 
